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JARO SITE. | 


From Lawrence Co., S. D., a large consignment of neat groups has just arrived, 
similar to those received two months ago which “sold at sight.” They are 
brown tabular rhombohedrons, the old type from other localities being of cubic 
aspect. Without the aid of a lens, their sharp edges and brilliant planes reveal 
the curious habit distinctly. Some measure over 5™" across. While not flashy 
they are attractive, and may be classed as the best examples yet found of this 
species. Find limited. ‘ 50c. to 33.00 

With the Jarosites came more Scheelites and the new prismatic type of 


Wolframite. 25c. to $1.00 
UTAH MINERALS. 


A large shipment just in yields the following, at low prices: 

CUBIC PYRITE, Tooele Co., loose and in Kaolin. Identical with those 
introduced by us four years ago, but better. Crystals are symmetrical, sharp and 
lustrous, 1 to 3°" sq. Neat groups, . 25c. to $2.00 


TYROLITE, Tintic, foliated masses of bright blue color, 25c. to $2.00 
BROCHANTITE, Tintic, clear of fine quality, 
groups, . ; 50c. to $2.00 


FRANKLIN MINERALS. 
Every collection has its series and yet the best are alwaysindemand. During 
the last ten years our varied stock of fine Franklin things has probably averaged 
as large as the combined Franklin stocks of other dealers. 


FRANKLINITE. Simple and modified octahedrons, . 25c. to $3.00 
RHODONITE. Large dull tabular crystals, . 50e. to $5.00 
Also a few exquisite pink crystals, small and bright on snow-white Calcite, 

25c. to $2.50 
AXINITE. Gemmy little crystals of clear yellow color in matrix, 50c. to $2.00 
RUBY ZINC of rich color. Remarkably 25c. to $1.00 
CLINOHEDRITE, rare! Crystallized, p $2.00 to $6.00 


ROEBLINGITE, massive, $1.00 to $8.00 
NATIVE LEAD, described by W. M. Foote in Aug. A. J. 8. Coating on 


Garnet and Caswellite, 25c. to $2.00 


NEW MEXICO. 


ME — Distinct crystals with the massive mineral. Described 
in Aug. A. J 25c. to $3.00 


WONDERFUL ENDLICHITES! Seo Oct. adv. Cut prices. 50c. to 
$4.00 for the best groups. 10c. to 50c. for singles. 


SCHOOL MINERALS. 


Crystals. Individual Specimens. Laboratory Material. 
Systematic Collections. 
High Quality. Low Prices. 


126 pp. ILLUSTRATED CATALOGUE 
60 pp. “COLLECTION” CA1 CATALOGUE FREE. 


Dr. A. E. FOOTE, 


WARREN M. FOOTE, Manager. 


1317 Arch Street, Philadelphia, Pa., U. S. A. 


Established 1876, 


| 


— 


AMERICAN JOURNAL OF SCIENCE 


[FOURTH SERIES. ] 


Art. XXXV.—Jrregular Reflection ; by C. C. HutcHins. 


In photometric work it has been customary to assume the 
validity of Lambert’s fundamental law of reflection; namely, 
the amount of light sent from one surface element 7 to 
another surface element mm is proportional to 


J. Coss cos» 


> 


where 7 is the line joining the two elements, and s and v are 
the angles made between 7 and the normals to the two ele- 
ments. The truth of this law seems to be borne out by com- 
mon experience. Thus a sheet of paper illuminated by 
perpendicular a globe of a student lamp, seems equally 
illuminated at all points of view, and other examples of a simi- 
lar nature will readily suggest themselves. 

This seeming agreement of fact with theory, however, does 
not do away with the desirability of an experimental investiga- 
tion of the subject. 

The matter has been dealt with for certain bodies, for 
instance the moon, photometrically by Zéllner and others, and 
its total radiant energy with respect to phase has been measured 
by Ross and Very ; but the measurement in the laboratory of 
the total reflection of bodies at different angles of reflection is, 
as far as can be learned, new. 

Suppose a plane surface of small dimensions illuminated by 
perpendicular rays and seen at a fixed distance at different 
angles; then the effect produced at the ~~ of view will be 
proportioned to the cosine of the angle of reflection, provided 
the plane surface is without specular reflection. 
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The ideal surface imagined above, however, does not exist in 
fact; for to be without specular reflection it must possess 
irregularities large in comparison with the dimensions of the 
waves of the illuminating ray, and just in proportion as these 
— are greater does the surface depart from a true 

ane. 

It will furthermore be seen that a surface, say of very fine 
grain, might show specular reflection for long waves and irregu- 
lar reflection for short ones, and consequently, a different dis- 
tribution of reflected energy according to the length of waves 
in the illuminating ray. Consequently the results of any 
investigation of the matter should be given either for definite 
wave lengths or for the total reflected energy. 

In the following experiments surfaces of various character 
have been employed, in order to get an idea of the manner of 
the reflection as determined by the character of the reflecting 
surface, and at the same time to see how widely the reflection 
may depart from and how closely it may approximate to 
theory. 


Apparatus. 


A divided brass circle has at its center a fixed pin, about 
which revolves an arm 60™ long, and having an index for 
reading off the angles. The outer end of the arm has supports 
for holding the thermograph, which thereby points always to 
the center of the circle. 

The central pin is drilled for the reception of an upright 
wire, which latter carries the body under experiment. A num- 
ber of dises of sheet zinc 4™ in diameter were provided, and 
upon these could be spread any body in powder form, by first 
coating the dise with gum-water. Solid bodies were worked 
into dises 4°" in diameter and secured to wires. 

Sunlight is brought into the room by a heliostat having a 
mirror silvered upon its first surface, and the beam of light is 
directed upon the body at the center of the circle, and set to 
receive the beam perpendicularly. An appropriate shutter is 
introduced into the path of the beam, and can be operated by 
the observer at the galvanometer by pulling a cord. The 
thermograph is the same instrument that has been employed 
in former heat investigations and will be found described in 
this Journal for May, 1892. 

The controlling magnet of the galvanometer has been in 
most cases adjusted so as to give the needle a period of about 
six seconds. 

The method of observation is as follows: The body under 
investigation and the beam of sunlight being adjusted as above 
mentioned and the shutter closed, the observer draws the cord 


i 
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and opens the shutter during the first swing of the needle. 
The deflection being recorded, the arm is moved by intervals 
of 10° and the deflection corresponding to each angle of reflee- 
tion thus obtained. The numbers so obtained will be propor- 
tional to the amounts of energy reflected at the various angles. 
To make them comparable with the theoretical values these 
numbers should be multiplied by such a factor as will reduce 
the galvanometer reading for zero degrees reflection to one, or 
one hundred. As it is impossible to obtain a reading at zero, 
and as exterpolation is uncertain, it is better to employ such a 
factor as will make the reading at ten degrees, the smallest 
angle of observation, equal to the cosine of that angle. These 
reduced readings may then be plotted for comparison along 
with the curve whose equation is y=cosv. A glance will 
then show to what extent a body in its reflection departs from 
or approaches to Lambert’s law. 

Among the bodies tested, those that approach most nearly 
to a smooth surface without specular reflection are a carefully 
prepared surface of plaster of Paris and a surface of magnesium 
oxide, made by coating a zine dise by holding it above burn 
ing magnesium ribbon. 

The following table gives the galvanometer deflections for 
these bodies, and the same reduced as above described. 


Plaster. Magnesia. 

Angles. Gal. Reduced. Gal. Reduced. 
10° 258 98°5 190 98°5 
20 249 95°0 181 93°6 
30 224 85°5 169 87°6 
40 197 75°2 148 76°4 
50 170 64°9 121 62°7 

60 119 45°4 81°2 42°0 
70 27°4 58°2 30°1 
80 24°0 9°16 21°0 10°9 
90 0°00 0°00 0°00 0°00 


It will be seen that the curves plotted from these observations 
(Figs. 1, 2) follow the sine curve very closely, and the direction 
in which they depart is exactly what we should expect, assuming 
the validity of the fundamental law. Theamount of reflection 
is a little too great, according to the observations, for small 
angles of reflection. Now if there were any specular reflec- 
tion it would be most manifest at the angle of reflection nearest 
the angle of incidence, and, moreover, it will be immediately 
shown that irregularities of surface also have the effect of 
making the amount of reflection greater at small angles of 
reflection than is demanded by the law. 

A dise of white filter paper and a plaster dise cut with a 
graver into fine vertical furrows were substituted for the 
smooth surfaces with the following results : 
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Paper. 

Gal. Reduced. 
10° 151 98°5 
20 134 87°6 
30 76°3 
40 96°2 62°9 
50 80°5 52°6 
60 58°7 38°4 
70 37°5 24°5 
80 16°0 10°5 


Furrowed plaster. 


Gal. 
217 
193 
169 
148 
121 
59°5 
30°7 


Reduced. 
98°5 
87°2 
76°7 
67°3 
54°9 
40°0 
27°0 
13°9 


The curves derived from these observations (Figs. 3, 4) show a 
wide departure from those of the plane surfaces and are not even 


approximately coincident with the sine curve. 


The observa- 


tions are, however, in exact accordance with the results derived 
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by Arthur Searle* from the analytical study of the reflection 
ot a furrowed cylinder. Other bodies of greater or less fine- 
ness of grain or powder illustrate the same fact. A few are 
here given. 


Clay. Marble powd. Lava. 

Gal. Red. Gal. Red. Gal. Red. 
10° 100 98°5 130 98°5 94°2 98°5 
20 86°5 85°0 124 93°6 83°5 87°3 
30 80°5 791 107 81°4 69°3 72°4 
40 75°2 73°9 94°3  71°4 63°6 66°5 
50 58°5 57°5 76°55 53°6 56°0 
60 45°7 44°9 62°55 47°4 43°6 45°6 
70 30°8 28°2 39°70 28°3 29°6 
80 16°0 15°7 175 13°3 16°4 17°1 


The inference to be derived from these observations seems 
to be that the manner of reflection of any body is to be learned 
only from an experimental study of it. 

Next after a plane the sphere is perhaps the surface possess- 
ing the most interest ; a knowledge of its manner of reflection 
being of special importance in astronomy in problems relating 
to the light given by the planets and other bodies. 

Lambert’s formula for the reflection of a smooth sphere is 
L='/7z(sinv—wucosv). The curve of this equation is rep- 
resented in fig. 5, by the smooth continuous line. The phase 
angle at new moon is taken as 0° and the light at apposition 
equal to 100. 


Phase angle. Magnesia. Lead. Red clay. Moon. 

30° 3°00 4°24 12°6 

40 4°71 

50 7°52 7°46 18°2 

60 11°5 

70 17°0 13°3 26°7 

80 23°3 19°9 

90 31°1 25°9 34°0 25°0 
100 39°1 31°0 
110 §1°3 43°8 40°6 37°5 
120 58°9 44°9 
130 69°4 66°4 61:0 53°6 
140 79°3 62°8 
150 88°0 85°2 72°8 73°2 
160 93°5 83°9 
170 98°4 98°5 92°1 93°8 
180 100 100 100 100 


Substituting now for the flat surface a small carefully pre- 
pared sphere of magnesia obtained by smoking an ivory ball 


* Phases of the Moon, American Academy of Arts and Sciences, 1884. 
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with the burning metal, we find that its reflection is very 


closely represented by Lambert’s equation, departing slightly - 


in the direction predicted by Searle for a furrowed cylinder. 

The preceding table gives the observations upon the sphere 
of magnesia, a sphere prepared by painting an ivory ball with 
carbonate of lead, a sphere of reddish colored clay, and finally 
Very’s results from his well known study of distribution of 
lunar heat with respect to phase. 

In fig. 5 the observations for the red clay sphere are repre- 
sented by the dotted line, and Very’s observations by the line 


5. 
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marked with crosses. Both depart widely from the theoretical 
curve. It will be seen that for small phase angles the reflec- 
tions are too large for all bodies investigated, and although 
Very’s observations extend only to 80°, yet judging from the 
direction of the curve at that point, the same would be found 
true for the moon. This may be due wholly or in part to 
specular reflection, for in the case of the sphere the smaller 
the phase angle the more would the specular reflection become 
manifest. 

The result of these observations is to add emphasis to what 
was said above of the flat surface; that is, the manner of 
reflection of a body is largely determined -by the character of 
its surface and is only to be determined by the study of that 
body individually. 

Considerable interest attaches to the question whether the 
reflecting power or albedo of a body is the same when meas- 
ured by the photometric method as when the total reflected 
energy is taken into account. The method of observation 
above described permits of the estimation of the albedo for 
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the total reflection. We must know what the galvanometer 
deflection would be provided the thermograph received direct 
sunlight. To this end a brass plate having a small hole at its 
center is put in the path of the sunbeam near the heliostat, 
and the galvanometer deflection produced by the sun so 
reduced is observed. We may caleulate the deflection for the 
unreduced sun and the albedo as follows : 


Let L = distance of small hole to thermal junction. 
l= dist. of body under experiment to thermal junction. 
d = sun’s apparent diameter. 
G= galvanometer deflection by reduced sun. 


g “ “ body. 
M= diameter of small hole. 
m= body. 


Now on the supposition that the body in the form of a flat 
dise reflects in accordance with the sine law, and that m is not 
large in comparison with /, the whole interior of a hemisphere 
having the body at its center would be uniformally illuminated, 
and were the total reflection received by this hemisphere 
received by the thermograph the galvanometer deflection 
would be 


2 


The deflection by the unreduced sun would be 
(L sin 


M? G, 
and consequently the albedo, 
(L sin d) 
2M*/? G 


The following were the dimensions of the constants : 


L = 640 
€= 575 
d= 

M= _ 0°1567 
m= 4:00 


For present purposes @ may also be considered constant, 


and the above reduces to K . o in which log K = 9°9417. 
x 
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The annexed table gives the values of gy and G for a few 
bodies and the resulting value of the albedo. 


G. gy. Albedo. 
168 92°7 
159 151 82°6 
Green leaf, upper side -. 116 40°3 30°2 
Green leaf, under side -_ 116 50°6 38°0 
Volcanic rock ........-- 192 60°2 27°4 
Brown oot... 108 69°7 81°7 


The photometric value of the albedo of white paper is 68, 
with which the number found above agrees very well. The 
comparatively large values found for dark bodies like the soil 
are probably due in part to heat absorbed and re-radiated. The 
less the reflecting power of a body, the more prominent would 
this radiant part become. 

The case of magnesia is rather peculiar; although it seems 
white to the eye as though reflecting all rays equally, it never- 
theless absorbs a large portion of the longer waves. 


Searles Physical Laboratory, Bowdoin College, July, 1898. 
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Art. XXX VI.— Occurrence of Sperrylite in North Carolina ; 
by W. E. Hippen. 


SPERRYLITE was first observed by the author at the new 
locality in North Carolina in September, 1894, but the quantity 
found was so minute that no announcement was then made. 

The presence of this rare platinum arsenide has, however, 
been proved to be rather widespread in the immediate vicinity 
of the first discovery and its general occurrence in meagre 
amounts throughout the region seems pow established. 

It was found first at the mouth of the “ Ned Wilson Branch ” 
of Caler Fork, a prong of Cowee Creek, in Macon County, 
North Carolina, while the writer was testing some corun- 
diferous gravel as to the possible presence of gold. The 
place is locally asserted to have yielded, many years ago, a 
sample of fine-grained gold to Robert Caler, the first white set- 
tler of the Cowee Valley. 

The writer soon discovered some small grains of gold and by 
re-washing a rather large amount of gravel, that had been 
already washed and examined for corundum, a concentrate was 
obtained that yielded gold enough to weigh and to have 
assayed* and also the crystals which were later recognized as 
being sperrylite. 

It was the microscopic examination of the particles of gold— 
in an endeavor to learn if they had traveled far, or origi- 
nated locally—that led to the discovery of the associated sper- 
rylite. Many hours of patient labor were expended, in the 
finding and complete separation of the minute crystals of 
sperrylite from the concentrate. This was largely composed 
of minute grains and crystals of monazite,t which were bril- 
liant yellow and transparent ; zircon, in colorless brilliant erys- 
tals and nodules; menaccanite, as very bright smooth black 
grains ; rutile, as clear red highly polished particles, and gold 
as minute flat grains and as nuggets. It was noticed that the 
sperrylite occurred in nugget-like masses, as well as in the 
form of cubo-octahedrons and that many of the crystal edges 
were rounded (though not by abrasion). The luster of the 
sperrylite is nearly like that of mercury, but in some lights a 
color and appearance like that of dark sphalerite was observed. 
The crystals were entirely opaque even on very thin, broken 
edges. The occurrence in an old alluvial gravel, along with 
gold; the lack of any evidences of oxidation, or other chem- 

*Its “fineness” was 0-901, which is much above the usual average of North 


Carolina gold. 
+ This monazite has been proved to contain only 0°03 per cent ThO.. 
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ical alteration; the apparent great density (as shown by its 
remaining with the gold when “ panned- out” from the gravel 
with water and also when a gentle air-blast was used in the 
final isolation of the denser and larger particles from the 
heavier concentrates) and its brittleness; all pointed to its 
being a member of the laurite-sperrylite group, and this suppo- 
sition was sustained by chemical tests and measurement of the 
crystals. 

The total “tind” was sent to Professor 8S. L. Penfield, who 
very kindly reported the results of his careful examination as 
follows (quotation from a letter dated Oct. 22, 1894): “I 
have tested the little erystals you sent and found distinct 
arsenic and platinum reactions. Have measured one crystal 
and obtained isometric angles.” “ My tests were as follows: 
The erystals [55), weighing i in all 0-0019 gram, were roasted in 
an open tube and yielded a volatile sublimate of arsenious 
oxide, erystallizing in isometric octahedrons. The residue, 
after roasting, had “the color of platinum and when dissolved in 
nitro-hydrochloric acid gave a yellow solution, which when 
tested with potassium chloride yielded isometric octahedrons 
of potassium platinic-chloride.” 

“The crystals showed the combination of cube and octahe- 
dron with usually about equal development of the two forms. 
One of the largest crystals was about 0- ne in diameter and 
was measured with the following results :” 


Measured. Calculated. 
1114100 = 54°18’ 54° 44’ 
= 584 49 
001 = 64 47 
TILAOO] = 54 45 
111A 100 = 125 19 125 16 
W1lAIIL = 70 25 70 32 


“The foregoing angles indicate that the crystals are iso- 
metric like the sperrylite from the Algoma district, near Sud- 
bury, Canada.” 

No sperrylite or gold has as yet been found én sitw or in 
bowlders in the Cowee district, but the abundance of horn- 
blendic-gneiss and the constant occurrences in it of seams and 
disseminated pyrite, chalcopyrite, nickeliferous-pyrrhotite and 
sphalerite, indicate that sperrylite can now be searched for, 
with contidence, all along the pyritous belt of western North 
Carolina, or in similar Sudbury -like situations. 

Pyrite found in cavities ¢m situ, one-half a mile east (up- 
creek) of the “ Ned Wilson Branch,” had the exact habit of 
the sperrylite crystals found in the gravel below. 
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Sperrylite has been found at four new places in the Cowee 
Valley up to the present time, namely, at two gravel excava- 
tions just west of the locality above described and at two 
similar places east, but all are along the bed of the “ Caler 
Fork ” of Cowee Creek and are embraced within a distance of 
one and one-half miles. 

Another new locality of sperrylite and one of very decided 
promise was found last summer two miles southwest, in a small 
valley, but this occurrence will be duly described in an article 
soon to appear in this Journal descriptive of the minerals of 
** Mason’s Branch” in this same county. 

In conclusion the author wishes to express his thanks to 
Professor Penfield for his kindness in making the micro-chem- 
ical and crystallographic examinations which were so essential 
to the positive identification of this rare and interesting 
mineral. 
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Art. XXXVII.—Description of a Fauna found in the 
Devonian Black Shale of Eastern Kentucky;* by GEORGE 
H. Girry. 


Fosstis have been found at so few localities in the Devonian 
black shale of Ohio and the southern Appalachian region gen- 
erally, and those constituting so limited a fauna,t that any 
additional imformation in either particular should not be with- 
out interest. 

The collections which furnish the subject-matter for this 
paper were made by M. R. Campbell and L. C. Glenn of the 
U.S. Geological Survey from two localities in eastern Ken- 
tucky, and in both instances come from near the base of the 
black Devonian shale. 

The following lists show the fauna collected from these 
localities : 


Oil springs on Lulbegrud Creek, two miles southeast of Indian 
Fields, Clark Co., Kentucky. 

Lingula (Lingulipora) Williamsana n. sp. 

Leiorhynchus quadricostatum Vanuxem. 

Prioniodus armatus Hinde. 

Sporangites Huronensis Dawson ? 

Two miles southwest of Jeffersonville, Montgomery Co., Ken- 
tucky. 

Lingula (Lingulipora) Williamsana n. sp. 

Orbiculoidea sp. 

Leiorhynchus quadricostatum Vanuxem. 

Meristella cf. Haskinsi Hall. 

Plethospira socialis n. sp. 

Sporangites Huronensis Dawson ? 


Further collections at these localities would probably bring 
to light a much more extensive fauna than these lists contain. 
Indeed, Linney mentions, besides the remains of plants and 
fishes, a species of Bellerophon and an Orthoceras. These 
invertebrates, he says, are replaced by pyrites, as is the case 
with the gasteropod shell described below. Leiorhynchus, 
however, as it appears in my collection, is a mere impression, 
though the shell substance of Meristella seems to be retained, 
while Lingula, as is usual, presents dark, shining phosphatic 
surfaces. 


* Published with the permission of the Director of the U. S. Geological Survey. 
+ In the Genesee of New York State a much more abundant fauna is known. 
Clarke mentions forty-three species (six being plants) from the Genesee rocks of 
Ontario Co. (Bull. U. S. Geol. Surv., No. 16, p. 33), which with twelve species 
identified by other authors from the State of New York, makes a total of fifty-five. 
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A more detailed description of the character and occurrence 
of the black shale in Clark and Montgomery counties ean be 
found in the Geol. Surv. Kentucky, Report on the Geology of 
Clark and Montgomery counties, by W. M. Linney, pp. 33, 81. 
It has here thinned out toa little more than a hundred feet 
and rests upon a limestone, said to be the Corniferous, which 
itself has a thickness of only seven feet. 

The age of the Devonian black shale has generally been 
accredited as that of the Genesee shale of New York,* and the 


* At first, as is well known, the black shale of the central States was correlated 
with the Marcellus shale of New York (Hall, 1842, this Journal, vol. xlii, pp. 57, 
62; Hall, 1843, Trans, Ass. Am. Geol. and Nat., vol. i, 1840-1842, pp. 272, 280, 
289; Hall, 1843, Geology of New York, pt. 4, Survey of Fourth Geol. District, p. 
519; Rogers, 1843, this Journal, vol. xiv, pp. 161, 162; Hall, 1845, Boston Jour. 
Nat. Hist., vol. v, No. 1, p. 10; Hall (somewhat doubtfully), 1862, Fifteen Ann. 
Rep. New York State Cab. Nat. Hist., p. 81); but in 1847 de Verneuil published 
his pager on the parallelism of the Paleozoic deposits of North America with 
those of Europe (Bull. Geol. Soc. France (2), vol. iv, pt. 1, pp. 646-710) in which he 
showed that the formation in question was the equivalent of the Genesee.}+ and 
since that time geologists have, for the most part, sanctioned this correlation. 
Hall published a condensed and annoted translation of this work (this Journal, 
vol. v, 1848, pp. 176-183, 359-370, and vol. vii, 1849, pp. 45-51, pp. 218-231) in 
which as coming from de Verneuil are found on p. 182 (footnote, vol. 5) an inti- 
mation and on p. 370 (vol. vii) a distinct statement of the correlation of the Black 
Slate with the Genesee, a conclusion of which in a footnote on p. 182 (vol. v) the 
translation appears to concede the correctness. Later, however, he recedes from 
this position, for the black shale at Rockford, Indiana, he again refers to the age 
of the Marcellus shale (Thirteenth Ann. Rep. New York State Cab. Nat. Hist., 
1860, pp. 95, 96, 112). Meek and Worthen (this Journal, vol. xxxii, 1861, pp. 
167-177) show that the Goniatite bed at this locality referred to by Hall, instead of 
being Marcellus, really belongs to the Carboniferous era. They claim(p. 172) that 
the black slate in Illinois rests upon well marked Hamilton beds and cannot there- 
fore be equivalent to the Marcellus shale, being most probably better correlated 
with the Genesee as held by de Verneuil. Similarly Meek has shown that the 
black bituminous shale of Athabasca and Clear Water, which rests upon a lime- 
stone stratum correlated by him with the Hamilton limestone, represents the 
Genesee instead of the Marcellus shale, to which horizon it is referred by Sir 
John Richardson and Mr. Isbister. He concludes that the dark, bituminous shale 
or slate known as the black shale of the Western States, which is rather exten- 
sively developed in southern Indiana, and portions of Illinois, Kentucky, Tennessee, 
and some of the Western and Southern States, holds “exactly the same position 
with relation to the Hamilton beds as the Clear Water and Athabasca shales ” 
and is equivalent to the Genesee shale of New York (Trans. Chicago Acad. Sci., 
vol. i, pt. 1, 1867, p. 65 and footnote). Similarly in Ohio (Rep. Geol. Surv. Ohio, 
vol. i; Geol. and Pal. pt. 1, Geol. 1873, p. 154) the Huron shale is shown by 
Newberry to be underlaid by [Hamilton shales. He cites the Huron shale 
from Canada, New York, Pennsylvania, Kentucky, Tennessee, Michigan and 
Indiana, and correlates it with the Genesee and overlying Gardeau shale of 
New York. In “Indiana, Dep. Geol. and Nat. Resources, Twenty-first Ann. 
Rep., 1896, p. 109,” I find a chapter headed “Some notes on the Black slate or 


+ Even before this Owen thought that the balance of probabilities was in favor 
of correlating the black shale with the Genesee (this Journal, vol. iii, 1847, p. 
72), while toward the same conclusion tend Yandall and Shumard (Contributions 
to the Geology of Kentucky, Louisville, 1847, p. 16), who identify some Lingulas 
and Orbiculoideas from the Black Slate of Indiana and Kentucky as Schizobolus 
concentricus, Lingula spatulata and Orbiculoidea Lodensis, all three described from 
the Genesee shale. 


| 
| 
| 


386 G. H. Girty—Fauna found in the Devonian 


evidence here available indicates at least that the base of the 
formation in this region probably belongs to the Genesee 
period. The peculiar punctate Lingula which I have called Z. 
Williamsana occurs in the typical Genesee, but is not known 
to me elsewhere,* and Leiorhynchus quadricostatum also is a 
Genesee species. Meristella Haskinsi was described from 
rocks of the Hamilton period, but my identification, owing 
partly to insufficient material, is only qualified. Plethospira 
socialis, while it has its closest allies in the early Devonian, is 
nevertheless probably a new species with little weight as evi- 
dence, and Prioniodus armatus together with Sporangites 
Huronensis?, which I believe to be correctly identified, are of 
supposedly Genesee age. On the whole, it is safe to say that 
the base of the Devonian black shale at these points was about 
contemporaneous with the middle Devonian of New York, and 
can probably be correlated with the Genesee shale of that 
State. 


Genesee shale of New Albany, Indiana,” clearly accepting Meex’s correlation 
above referred to, while Hall and Clarke (Geol. Surv. New York, Pal., vol. viii, pt. 
1. dese. pl. 4K. fig. 6) cite Lingula sp. (Z. Wil/iamsana of this paper) occurring in 
the black shale at Vanceburg, Kentucky, as from the Genesee horizon. These 
instances are enough, though others might be cited, to support the statement that 
the tendency among recent workers has been to concede the correlation of the 
black shale of the Central States with the Genesee shale of New York. And as 
a general statement this seems to be correct, especially when referring to the 
basal portion of the formation, and where, as is the case in a considerable portion 
of the region named, it rests upon strata of recognized Hamilton age. However, 
Newberry (I. c.) speaks of finding Portage fossils in the upper part of the Huron 
shale in Ohio (Clymenia? complanata, Chonetes speciosa, Orthoceras aciculum, 
Leiorhynchus quadricostatum. The last named species is characteristically 
Genesee, and I am at a loss to know what form is indicated by Chonetes? speciosa.) 
Williams states (this Journal, vol. iii, 1897, p. 398) that at Irvine, Kentucky, the 
black shale conditions continued well up into Carboniferous time, while in the 
vicinity of Big Stone Gap he finds the black shale resting upon a limestone full 
of Coruiferous corals, from which he reasons that the beginning of the black 
shales for this region can be fixed at a horizon “closely corresponding to that of 
the Marcellus shale in the New York section.” This would make the black shale 
range, locally at least, or alternately, from the age of the Marcellus shale of New 
York to at least that of the Kinderhook group of Illinois. A similar conclusion 
has been stated by Shaler, who considers this formation in Kentucky and Tennes- 
see to include everything from the top of the Oriskany to the Chemung (Geol. 
Surv. Kentucky, vol. iii, n.s., 18, p. 173). Lyon, however, writing in 1859 
(Trans. St. Louis Acad. Sci., vol. i, p. 619-620) seems inclined on paleontologic 
evidence to refer the black shale of western Kentucky and Tennessee to the 
Lower Carboniferous rather than the Devonian, but this I believe to be due to a 
misapprehension on his part of the real position of the Goniatite beds at Rock- 
ford, Indiana, as included in, instead of situated above, the black shale, as is in 
fact the case. 

*In a recent letter from Prof. J. M. Clark in relation to the Lingulas of the 
Genesee shale he speaks of observing Lingulas of elongate and slender spatulate 
shape in the higher layers of black shale which appear after the introduction of 
the normal Portage fauna, and adds that these black shales above the Genesee 
horizon are often confounded with true Genesee. It may be that our specimens 
of L. Williamsana from Seneca Lake are from this horizon, i. e., later than the 
Genesee, but both an impunctate Lingula which I identify as Z. spatulata and a 
punctate one which seems to be Z. Williamsana occur iu the Styliola layer of the 
Genesee, so that the evidence of this species speaks for Genesee or a little later. 
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Lingulipora—new subgenus. 


The character upon which this proposed subgenus of Lingula 
is based has not been unnoticed. Hall and Clarke in 1892 
(Pal. New York, vol. viii, pt. 1, p. 17) mention itas occurring in 
the very species described below as new under the name of Z. 
Williamsana, in which, indeed, it is a striking character of the 
shell. Similarly record is made in the same connection of “a 
finely preserved specimen of an undetermined species from the 
Waverly sandstone of Pierrepont, Ohio,” which * shows strong 
puncte, visible to the naked eye on the internal surface, where, 
according to the author above cited, the calcareous layers of 
the test are thickest.” These authors are inclined to regard 
this punctation as an exaggeration of the microscopic canals 
which Gratiolet has described as occurring in the calcareous 
layers of the shell of Lingula anatina (Journal de Conchylio- 
logie, 2nd ser., vol. viii, 1860, p. 59). The figure given by 
Hall and Clarke (after Davidson after Gratiolet) show the 
tenuous shell as consisting, in the instance given, of at least six- 
teen alternating layers of calcareous and corneous matter. Each 
one of these must accordingly have been very thin, and to 
find in such attenuated sheets puncte of a size to be detected 
by the naked eye and which at the same time are, as_ peculiar 
to each corneous layer, discontinuous, while not at all impossi- 
ble would be, I think improbable. In the type species Zén- 
gula (Lingulipora) Williamsana the puncte are visible upon 
exfoliate surfaces, upon the inside and also upon the outside of 
the shell. There is nothing to lead to the supposition that they 
are not practically continuous through the shell, and it is my 
belief that they are so. With pores the size of those in Z. 

Williamsana and with the laminz as thin as they must be in 

a small shell like that, it would be expected that in exfoliated 
surfaces not only the puncte of the shell layer so exposed 
would be visible, but also less distinctly those of the next 
punctate layer below showing through. This, however, does 
not seem to be the case. 

A large number of Lingulas representing many species and 
many geological periods have been examined with a view to 
ascertain to what extent this character of punctation has been 
developed in the genus during Paleozoic time. It seems to be 
by no means a frequent character and to vary considerably in 
degree, from where it can be seen with the naked eye as 
described by Halland Clarke, to where it is difficult to catch even 
with an ordinary hand lens. In point of range the character 
seems to be restricted to late Paleozoic time, and not to appear 
in all Linguloid shellseven then: In the Lingulas of the earlier 
Paleozoic, just as in recent Lingulas, not the faintest trace of 
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punctation was observed with the simple microscope employed,* 
but about the middle of the Devonian punctate shells like Z. 
Williamsana began to appear and continued through Lower 
Carboniferous time into the Coal Measures at least. 

The shells in which this character has been observed are 
given below, but unfortunately it has not been possible to iden- 
tify with certainty all the forms mentioned. 

Lingua Williamsana n. sp. From the Devonian black 
shale near Indian Fields, Clark Co., Ky.; near Jeffersonville, 
Montgomery Co., Ky.; and at Berea, Ky.; and also from the 
Styliola layer of the Genesee at Bristol, Ontario Co., New 
York, where it is associated with Lingula spatulata, and from 
Seneca Lake, New York, in the Genesee. 

Lingua sp. A fragment from the root of coal No. 1, 
Seville, I]. 

Lingula Meeki Herrick. From the Cuyahoga shale of the 
Waverly group at Ritchfield, Summit Oo., Ohio. 

Lingula delia Hall? A form from the Chemung group at 
High Point, New York, much resembling in shape Z. delia of 
the Hamilton series, but which may prove to belong to Z. 
scutella. Also another unidentified Lingula from the Che- 
mung of New York, possibly the same as the one just men- 
tioned. 

Finding in the same stratum and preserved in the same way 
two Lingulas like Z. spatulata and LZ. Williamsana, the one 
apparently impunctate, the other very strongly punctate, leads 
to the conviction on one hand and the suspicion on the other 
that the difference is not due to difference of preservation and 
is more than one of degree, or, if only so, is sufficiently marked 
to have more than specific significance. This is especially true 
where the character is coupled, as in this case it appears to be, 
with a characteristic geologic range. 

It is unfortunate that the muscular and visceral impressions 
of Lingulipora, as in most Linguloid shells, are unknown, but 
when ascertained it is probable that individuality in these par- 
ticulars will be found correlated with its peculiar shell structure. 
It might be urged that inasmuch as in all known particulars 
except this one, Lingulipora is closely similar to Lingula, which 
is really so individual a type compared with most other 
Brachiopods of the same periods, it should not be separated 
from the latter even as a subgenus. On the other hand, this 
character (punctate shell structure) has been and would now be 
used as a diagnostic of full generic value in any other type of 

* A single specimen identified as Z. curta Conrad? from the Modiolopsis beds 
of the Trenton formation at Frankfort, Ky., has the semblance of being punctate, 


or at least finely pitted over portions of its surface, but I suspect this to be an 
effect of weathering, or to arise from some other adventitious cause. 
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brachiopod shell, and in view of the difficulty of getting at the 
true generic elements of these forms, and of the paucity of even 
specific characters, a structural peculiarity such as this should 
be given the same weight or even more than the same weight 
allowed in other instances. Therefore I believe that the rank 
of Lingulipora as a subgenus of Lingula is rather under than 
over-estimated. 


Lingula (Lingulipora) Williamsana n. sp. 
Figs. 6-6°, p. 395. 

Lingula spatulata (pars) Vanuxem. 

Lingula sp. Hall and Clarke, 1892, Pal. New York, vol. iii, 
pt. 1, p. 17, pl. 4*, fig. 8. 

Shell small, elongate, subquadrate; length about 14 the 
breadth. Sides near ly straight and parallel. Posterior end in 
the dorsal valve broadly rounded; more acute in the ventral 
valve. Anterior margin more or less straight, rounding gently 
to meet the sides. Surface ornamented with innumerable fine 
concentric lines with occasional faint varices of growth. The 
tine concentric striz under a rather high magnifier (they can be 
only just distinguished with an ordinary hand lens) are seen to 
be rather wavy, ; but much less so than some other ornamented 
Lingulas (e. g. L. melie) and on the whole are comparatively 
simple and direct. 

Shell substance strongly punctate and, for the size of the 
shell, rather coarsely so. 

Length of a large individual 7", width 4", usually a trifle 
smaller than these measurements. 

Locality and position. Inthe Devonian black shale at Berea, 
Ky.; near Vanceburg, Ky.; near Jefferson, Montgomery Oo., 
Ky.; near Indian Fields, Clark Co., Ky.; White Creek Springs, 
Davidson Co., Tenn., and also in the Styliola layer of the 
Genesee shale at Bristol, Ontario Co., New York, where it is 
associated with Lingula ‘spatulata ; also from the same horizon 
at Seneca Lake, N. Y 

This species is evidently the same form figured by Hall and 
Clarke in the citation mentioned above, where attention is called 
to its punctate structure. The punctz can often be seen as 
fine papille on the outside of the shell, among and interrupting 
the striae, especially toward the front. 

These authors cite Z. Williamsana from near Vanceburg, 
Ky., and I have found it abundant in the black shale of Ken- 
tucky and Tennessee. Comparatively few Lingulas from the 
same general horizon in New York have passed through my 
hands, but there also it proved proportionally so plentiful that 
suspicions were wound that this might after all be the real 
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L. spatulata. Such can scarcely be the case, and I have found 
both species associated in the Styliola layer of the Genesee. 
As mentioned in another place, Prof. J. M. Clarke informs me 
that in New York an elongate and slender spatulate Lingula 
occurs in the higher layers of the black shale which appear 
after the introduction of the normal Portage fauna, and that 
these black shales, especially in the western part of the State, 
are often confounded with the true Genesee. Some of the 
punctate Lingulas from New York which I have examined 
may possibly come from these beds, which would give the 
species a range through the Genesee and Portage horizons. 

In Kentucky, Z. Welliamsana is considerably larger than 
L. spatulata, but the individuals which I have examined from 
New York are small. They can, however be distinguished by 
their punctate shell and difference in shape, being more square 
before and behind than ZL. spatulata, which, though subject to 
some variation in this regard, generally tapers more in both 
directions. The punctate shell structure, however, serves to 
distinguish them at a glance, especially in exfoliated specimens 
where in Z. Welliamsana the puncte are a striking character, 
while the surface of Z. spatulata is very smooth and shiny. 

In point of shape, LZ. Welliamsana closely resembles L. 
punctata Hall, but it isa much smaller shell, without the sur- 
face ornamentation of Z. punctata, which in turn has not the 
punctate shell of Z. Willamsana. It is also comparable in 
point of shape to Z. compta Hall and Clarke of the Hamilton 
group, but that species also appears to be impunctate. 

I take pleasure in naming this interesting species after Prof. 
H.S. Williams of Yale University ,whose name is so honorably 
connected with the study of our Devonian faunas. 

Associated with the above in large numbers is a minute 
Lingula whose specific relations have not been made out. They 
may be referable to Z. spatulata or on the other hand be the 
young of L. Welliamsana. 


Meristella cf. Haskinsi Hall. 


Meristella Haskinsi Hall, 1860. Thirteenth Rep. New 
York State Cab. Nat. Hist., p. 84. 

Meristella Haskinsi Hall, 1867. Pal. New York, vol. iv, p. 
303, pl. 50, figs. 1-12. 

In the collection are found two imperfect specimens of Mer- 
istella, characterized by being probably subcircular in outline, 
rather strongly arched, and lacking both fold and sinus, or at 
least having them very faintly expressed. The size indicated 
by the specimens is from 18™" to 23™" in length. These charac- 
ters are suggestive of Jf. Haskinsi of the- Hamilton group of 
New York. 
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Locality and position. In the base of the Devonian black 
shale, supposed to be of the age of the Genesee shale of New 
York, near Jeffersonville, Montgomery Co., Kentucky. 


Orbiculoidea sp. 


Associated with the other fossils from the vicinity of Jeffer- 
sonville is a single dorsal valve of a small Orbiculoidea. It is 
nearly circular in shape, slightly truncate posteriorly and with 
the usual ornamentation of concentric lines. The diameter is 
34™™ and the excentric apex is situated near the truncate end, 
from which it is about 1" distant. In its size and other char- 
acters this shell much resembles Orbiculoides minuta. 

Locality and position. At the base of the Devonian black 
shale, supposed to be of Genesee age, near Jeffersonville, Mont- 
gomery Co., Kentucky. 


Leiorchynchus quadricostatum Vanuxem. 
Fig. 5, p. 395. 


Orthis quadricostata Vanuxem, 1842. Geol. New York, 
Rep. Third District, p. 168, fig. 2. : 

Leiorhynchus quadricostata Wall, 1867. Pal. New York, 
vol. iv, p. 357, pl. 56, figs. 44-49. 

Much the same characters and the same range of variation 
are shown in the Kentucky representatives of this shell as in 
those from the typical localities. The fold and sinus usually 
contain 3 or 4 coarse plications, but sometimes also a larger 
number of finer ones. I have counted as high as 7 or 8. The 
sides are almost smooth, often showing two or three broad 
indistinct folds, but occasionally numerous finer but yet not 
strong radiating striz. 

I have referred this species to Z. guadricostatum rather than 
to LZ. mesicostale because of the nearly constant obsolescence 
of the lateral plications. 

Common in the strata from which collections were made. 

Locality and position. At the base of the Devonian black 
shale, supposed to be of Genesee age, near Jeffersonville, Mont- 
gomery Co., Kentucky, and near Indian Fields, Clark Co., Ken- 
tucky. 


Ulrich, 1897. 


Plethospira socialis n. sp. 
Figs. 1, 1%, 2, 2%, 3, 3%, p. 395. 
Shell small and consisting of about three rapidly expanding 


volutions. The spire is low and small, the final whorl particu- 
larly large. Underneath, the shell is concave, and while most 
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specimens seem to show a broad open umbilicus, a single indi- 
vidual contains evidence of this opening having been closed by 
a deposit from the inner lip. Volutions regularly rounded, 
with a nearly circular transverse section. 

Surface with revolving lines or ridges, ornamented only by 
strie of growth which are regularly arranged. Band broad 
(nearly 13™"), slightly elongated, concave, peripheral, and only 
about 6™" or less in length, distinctly bounded above, below, 
and behind by a raised line. The strive above the band bend 
backward to meet it, and likewise those beneath, very strongly 
so. The strize upon the band also are rather strongly flexed 
backward. Just behind the rounded end of the band the strize 
also seem to cease and the shell appears to be perfectly smooth, 
but the strize, without however the band, sometimes reappear 
again upon the earlier volutions, especially it seems where pro- 
tected in some way by the shape of the shell. This loss of 
surface ornamentation just before entering upon the banded 


stage is probably due to erosion, but at the same time the con- . 


dition appears to be a persistent one. Diameter 7", height 

Locality and position. At the base of the Devonian black 
shale, supposed to be of the Genesee age, near Jeffersonville, 
Montgomery Co., Kentucky. 

The specimens, of which quite a number have been collected, 
show great uniformity in size, and other characters lead to the 
conclusion that the type is a constant and normal one. The 
small size in conjunction with the short duration of the banded 
period, however, suggest that the collection may represent a 
sort of colony of immature individuals. 

I do not know of any species of the same geologic age with 
which comparison may * made, but it has occurred to me 
that we may have here young examples of Plewrotomaria plena* 
or P. aratat of the Upper Helderberg group or of P. rugulatat 
of the Goniatite limestone. Plethospira socialis certainly has 
not the ornamentation of P. arata and has a lower spire. 
Similarly it seems to be a smaller species than even young 
three-whorled examples of /. plena, and with a lower spire, 
though otherwise strongly suggesting Hall’s species. 2. rugu- 
lata in size and other characters seems more closely related 
than perhaps even £7. plena, but even it is larger and propor- 
tionately higher. 

Although originally described from the Marcellus shales, P. 
rugulata has also been identified by Clark from rocks of the 
Genesee period (Bull. U. S. Geol. Surv., No. 16, pp. 23, 33). 

* Geol. Surv. New York, vol. v, pt. 2, 1879, p. 66, pl.17, figs. 11, 12, 13. 


t Ibidem, p. 64, pl. 17, figs. 1-8. 
t Ibidem, p. 75, pl. 20, figs. I-7. 
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Prioniodus armatus Hinde. 
Fig. 4, p. 395. 


Prioniodus armatus Hinde, 1879. Quart. Geol. Soc. London, 
vol. xxxv, p. 360, pl. 15, figs. 20, 21. 

A single Conodont answering in every particular to Hinde’s 
description of Prioniodus armatus and very probably referable 
to that species. There is one large terminal main tooth and 
eight proximate smaller denticles, one of which is more or less 
adnate to the larger one. The latter extends almost twice as 
far above the basal portion, which is narrow and slightly curved, 
as the denticles, and is prolonged downward into a spur about 
as far as they are long. The main tooth is, of course, not only 
longer but also much stouter than the others. Its downward 
spur-like extension is mentioned by Hinde, but exists to a more 
marked degree in the specimen described than in either of 
those figured by him. The denticles also are more crowded 
together, more as in his fig. 20 than as in fig. 21. This species 
was originally described from the Genesee period from erratic 
boulders found near Port Stanley, Lake Erie, Ontario, and from 
the Genesee shale at North Evans, New York. So far as I am 
aware it is restricted to rocks of that age. 

Locality and position. At the base of the Devonian black 
shale, supposed to belong to the Genesee period, near Indian 


Fields, Clark Co., Kentucky. 


Sporangites Huronensis Dawson ? 


Sporangites Huronensis Dawson, 1871. This Journal, i, 

257. 
‘i Minute spore cases are plentifully distributed throughout 
the material examined. They seem to agree in every particu- 
lar with authentic specimens of Sporangites [Iuronensis except 
for being a trifle smaller. This species was described from a 
black shale exposed at Kettle Point, which is supposed to 
represent the Genesee shale of New York. 

I am indebted to Mr. David White of the U.S. Geological 
Survey for suggestions leading to the identification of this 
species. 

Locality and position. From the base of the Devonian black 
shale, supposed to belong to the Genesee period, near Jefferson- 
ville, Montgomery Co., Kentucky, also near Indian Fields, 
Clark Co., Kentucky. 
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DESCRIPTION OF FIGURES. 


Fics. 1-3. Plethospira socialis n. sp. 

1. Side view of an average specimen showing limited banded and ornamented 
area, 

1%, Same seen from above. 

2. Another specimen of the same species, 

28, Side view of the same. 

3. Superior view of another specimen. 

3, Inferior view of the same showing the umbilicus apparently nearly closed. 

3>, Side view of the same. 

Devonian black shale (Genesee period?) near Jeffersonville, Montgomery Co., 
Kentucky. 

Fia. 4. Prioniodus armatus Hinde. 

The only specimen observed. x 18, 

Devonian black shale (Genesee period?) near Indian Fields, Clark Co., Ken- 
tucky. 

Fig. 5. Leiorhynchus quadricostatum Vanuxem. 

Devonian black shale (Genesee period?) near Jeffersonville, Montgomery Co., 
Kentucky. 

Fig. 6 Lingula (Lingulipora) Williamsana n. sp. 

6. A rather large ventral valve, probably rendered somewhat too acuminate by 
distortion. 

6*, Ventral? valve. 

6>, Ventral? valve. 

6°. Dorsal valve. 

Devonian black shale (Genesee period?) near Jeffersonville, Montgomery Co., 
Kentucky. 
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Art. XXXVIII.—On the Separation of Nickel and Cobalt 
by Hydrochloric Acid; by FRANKE STUART HAVENs. 


[Contributions from the Kent Chemical Laboratory of Yale University. —LXXV.] 


A QUANTITATIVE separation of nickel and cobalt by a 
process analogous to that published from this laboratory for 
the separation of aluminum and iron* has been put for- 
ward in a recent paper by E. Pinerta.t The process may 
be described briefly as follows: The hydrous chlorides of 
nickel and cobalt (0°3-0°4 gms.) are dissolved in a little water 
and to the solution are added 10 to 12™* of aqueous hydrochloric 
acid and 10™* of ether, and the whole, contained in a little 
beaker surrounded with water and ice, is saturated with gaseous 
hydrochlorie acid. The cobalt, which remains in solution, is 
decanted off and the yellow insoluble nickel chloride washed 
with a previously prepared solution of ether saturated with 
hydrochloric acid gas at a low temperature. The nickel is 
determined by known methods, preferably as the sulphate. 
The author claims very precise results for the process, but 
gives no experimental proof of his work. Previous to the 
appearance of this paper my experiments upon the solubility 
of nickel chloride in an ether-hydrochloric acid solution, such 
as used in our process for the separation of aluminum and iron, 
which is practically the same .in proportions as that used by 
Pineria to effect precipitation, had shown that, while nickel 
chloride is somewhat insoluble in such a mixture, the degree of 
insolubility is not sufficient for a quantitative separation. Since 
the appearance of Pinerta’s wok I have been over the ground 
again and have reached the same conclusions as before, as 
shown in the following experiments. 

When a solution of 0-2 gm. of nickel chloride (free from 
iron and cobalt) in 7™ of aqueous hydrochloric acid, was 
saturated with hydrochloric acid gas at a temperature of —2° 
C. (obtained by immersing the container in a mixture of ice 
and salt) no precipitation resulted. When, however an equal 
volume of ether was added and the whole was again saturated 
with hydrochloric acid gas a yellow precipitate formed, while 
the supernatent liquid still remained of a deep green color. 
The solution was filtered quickly through asbestos in a filter 
erucible, and the clear filtrate after evaporation with sulphuric 
acid was electrolyzed. The metallic deposit of 0°0020 gm. 
proved to be pure nickel; for when dissolved in nitric acid it 
gave no test for iron with potassium sulphocyanide or ferro- 


* Gooch and Havens, this Journal, IV, ii, 416. 
¢ Gaz. Chim, Ital., xxvii, 56. 
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eyanide, and neither the apple-green hydroxide nor the black 
sulphide, prepared by the usnal methods, showed any trace of 
cobalt in the borax bead. It is obvious, therefore, that nickel 
chloride is not fully precipitated under these conditions and 
that the green color of the solution is due to nickel in solution 
and not to traces of iron, as Pinerita has supposed.* A second 
experiment similar to the first showed a solubility of the 
nickel chloride represented by 0°0018 gm. of metallic nickel. 
It is evident, then, that the solubility of nickel chloride in this 
mixture of aqueous hydrochloric acid and ether thoroughly 
saturated with hydrochloric acid gas is not far from an amount 
represented by 0°0020 gm. of metallic nickel for every 14°” of 
solution. 

Still another experiment, in which nickel chloride repre- 
senting 0°0020 gm. of metallic nickel was treated with 14°" 
of the ether-hydrochloric acid solution and the whole saturated 
for one hour at a low temperature with hydrochloric acid gas 
without precipitation, showed the same thing. 

When the nickel chloride remaining on the asbestos was 
washed with about 40°* of a mixture of equal parts ether and 
aqueous hydrochloric acid saturated with hydrochlorie acid gas, 
the washings evaporated with sulphuric acid and treated by the 
battery gave adeposit of metallic nickel weighing 0°0027 gm.— 
an amount proportionately less than that found in the filtrate 
proper. 

Although employing a mixture of aqueous hydrochloric acid 
and ether saturated with gaseous hydrochloric acid for the 
precipitation, Pineria has advised the use of pure ether sat- 
urated with gaseous hydrochloric acid for the washing. In my 
experiments with such a mixture I find that in it the hydrous 
nickel chloride is practically insoluble and that 30° of the 
washings of the precipitated chloride with such a mixture gave 
no deposit of nickel by the battery. It seemed possible, 
therefore, that by reducing the water present to the lowest 
possible amount necessary to dissolve the chlorides to be treated 
the precipitation of the nickel might be made more complete. 
The experiments of the following table were made to put this 
idea to the test. 

Solutions of the pure chlorides of nickel and cobalt, carefully 
puritied and freed from other metals and each other, were, 
after conversion to the form of the sulphate, standardized 
by the battery. Weighed portions of these solutions were 
taken in a small beaker, evaporated to dryness, the dry salts 
dissolved in as little water as possible (about 1°™*), 10 to 15°™ 
of ether added, and the whole saturated with hydrochloric-acid 
gas, the beaker being meanwhile immersed in running water 


* Loc. cit. 
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and cooled to about 15°C. When saturation was complete the 
precipitated chloride was caught on asbestos in a filter crucible, 
washed thoroughly with a previously saturated solution of 
ether, dissolved in water, evaporated with sulphuric acid and 
determined as metallic nickel by the battery. The cobalt in 
the filtrate was recovered by evaporation and electrolysis in 
like manner. 

Experiments (1), (2) and (3) of the accompanying table show 
that by this process the nickel is thrown down quantitatively, 
and experiments (2) and (3) show that in the presence of a few 
milligrams of the cobalt salt the separation of a small amount 
of nickel is sharp. The residue of nickel in these experiments 
gave no test for cobalt with the borax bead. When, however, 
the cobalt is present to the amount of a few centigrams as in 
(4), (5) and (6), the precipitated nickel chloride, which forms a 
hard mass, includes the cobalt salt so that even a large quantity 
of washing solution (100° was used in experiment 6) cannot 


remove it. 


Nickel taken Cobalt taken 
as the as the 
hydrous Nickel hydrous Cobalt 
chloride. found. Error, chloride. found. Error. 
1) 0°0068 0°0066 —0°0002 
2) 0°0090 0°0090 0:0000 0°0030 


(3) 0°0090 00091 +0°0001 0°0123 070127 +0°0004 
(4) 0°0469 0°0490 =+0°0021 0°0700 
(5) 0°0468 0°05038 = +0°0035 0°0700 
(6) 0°0472 0°0493 +0°0021 0°0700 


From the experiments described it is obvious that the process 
as proposed by Pinerta will not give a complete precipitation of 
the nickel chloride. Nickel chloride is, however, practically 
insoluble in pure ether saturated with hydrochloric acid gas and 
can be separated from small quantities of the soluble cobalt 
salt in that medium. In the presence of even a few centi- 
grams of the cobalt chloride, however, the process is not prac- 
ticable on account of the inclusion of the cobalt by the massive 
nickel chloride. It is possible that by repeated solutions and 
reprecipitations the nickel salt might be sufficiently freed from 
the cobalt, but the process must naturally be long and tedious. 

In closing the author wishes to express his gratitude to Pro- 
fessor Gooch for kind suggestions. 
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Art. XX XIX.—Contributions to Paleontology; by F. A. 
Lucas. 


[Published with the permission of the Secretary of the Smithsonian Institution.] 


1. A New Crocodile from the Trias of Southern Utah. 


THE following genus and species is based upon the imper- 
fect anterior portion of the lower mandible of a crocodile com- 
parable in size with Zomistoma among living and Zhoraco- 
saurus among extinct species. The men. Be symphysis is 
long, though less than in Zomistoma, and includes a consider- 
able portion of the splenial. The teeth are very close to one 
another, being separated by an extremely thin partition of bone, 
and the tooth row lies in a broad shallow groove. The teeth 
are set obliquely, raking decidedly outwards, and they are com- 

ressed from before backward, the antero-posterior diameter 

eing slightly less than the transverse. The two anterior teeth 
are round in section and vastly larger than the others, the end 
of the jaw being expanded for their accommodation. The 
surface of the bone is somewhat pitted, there is a deep narrow 
groove along the side of the jaw and there is no notch for the 
upper canines and no depressions for the reception of any of 
the upper teeth. The genus is characterized by the antero- 
posterior compression of the teeth, their closeness to one 
another, and by the great size of the two anterior teeth. The 
name /Zeterodontosuchus ganei is proposed for the genus and 
species, the specific name being given in honor of the dis- 
coverer Mr. H. S. Gane, by whom it was transmitted to Mr. 
Whitman Cross of the U. 8. Geological Survey. The speci- 
men is from Clay Hill, Southern Utah, and is from the Trias 
at the top of No. 10 of the section given by J. S. Newberry 
on page 99 of the Report of the Macomb Expedition. The 
horizon is said by Mr. Cross to be the same as that from which 
teeth of a crocodile—probably a Belodon—and of a species of 
Palewoctonus were obtained by him in the Telluride, Rico, and 
La Plata Quadrangle of southwestern Colorado. Type No. 
4136, U. S. Natl. Museum. 


2, A New Species of Dinictis (D. major). 


Among some specimens collected by Mr. N. H. Darton, of 
the U. S. Geological Survey, in 1897 is a species of Dinictis 
which proves to be new and the largest species of the genus 
yet discovered. The distinctive characters are the size of the 
animal, the feeble development of the mandibular flange for 
the protection of the upper canine, the robust character of the 
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feet and the presence of an ungual shield. The species, repre- 
sented by the greater part of the skull, and many important 
portions of the skeleton, was the size of a small Puma, Fedis 
concolor, but with much heavier feet. The upper canines are 
moderate, compressed, flattened on the inner face, with aslight 
keel on the antero-internal face and well-marked, serrated keel 
on the posterior edge. The anterior cusp is obsolete on the 
second, lower premolar, large on the third lower premolar. 
The mandible is rather deep, convex on the lower edge, and 
with the flange for the upper canine almost obsolete. The 
metapodials are stout, those of the hind feet especially so, 
being a trifle heavier, though slightly shorter, than the corre- 
sponding bones in a jaguar, Felis onca. The ungual phalanges 
have a well-developed shield. Some of the principal measure- 
ments are as follows: 


Articular breadth of femur ...................-. 042 
Length of tibia—a little shortened ‘180 
Length of third metatarsal. .........-..--...--.- 070 
"054 
“ in Dinictis felina.... °052 


The name of Dinictis major is proposed for this species on 
account of its size. 

The specimen was obtained by Mr. N. H. Darton in the 
massive sand at Bird Cage Gap, Bad Lands of Western 
Nebraska. Type No. 3957, U. S. Natl. Museum. 
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Art. XL.—TZhe Value of Type Specimens and Importance 
of their Preservation ;* by O. C. MArsu. 


In the present state of Natural Science, there are too many 
obstacles in the path of the original investigator. That this is 
the case in the study of Botany, we may well believe, as 
authorities of that Science have frequently placed the fact on 
record. It is certainly true that everyone who does original 
work in systematic Zoology, either among the living or extinct 
forms, meets many difficulties at the start in endeavoring to 
ascertain what others have done before him. The literature 
of the subject is often discouraging from its extent, and 
especially from its uncertainty. If the work in hand requires 
the comparison of type specimens, the difficulties greatly 
increase, and often prevent definite conclusions. The type 
will frequently be found the most important element in the 
problem, far more so than the literature, however extensive. 
This is more especially true among the extinct vertebrates, with 
which the present communication mainly deals. 


(1) The Value of Type Specimens. 


The value of a type depends first of all upon whether it is 
a characteristic specimen, worthy of being the representative 
of a new group of individuals. Without this distinctive 
quality, its importance is greatly diminished. If, for example, 
the specimen first described is immature, its essential features 
may thus be obscured, and its value as atype much diminished. 
On the other hand, a very old animal may be uncharacteristic. 
The teeth of a mammal, for instance, may be worn down or 
even lost, so as to make the normal dentition uncertain. This 
is true of recent forms, but is more important if the type 
belongs to an extinct fauna, as then the chance of duplicating 
it is much less. 

The value of a type specimen again may depend largely 
upon its completeness. Among the invertebrates, especially 
those now living, types are usually complete enough to show 
the more important features. This, however, is far from being 
the case among extinct forms, particularly from the older 
formations, and the records of Paleontology are burdened with 
the names of many fragmentary fossils, types of species 
practically unknown. 


*Read before Section B, International Congress of Zoology, Cambridge, 
England, August 23, 1898. 
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Among the vertebrates of the past, the case is much more 
serious, and here especially reform:in methods is a pressing 
necessity. From the nature of the case, the older extinet 
forms are usually represented by fragmentary remains, the 
investigation of which is one of the most difficult problems 
offered to natural science. A single tooth or a vertebra 
may be the first specimen brought to light in a new region, 
and thus become the sole representative of a supposed new 
form. The next explorer may find more perfect fragments of 
the same or similar forms, and add new names to the category. 
A third investigator, with better opportunities and more 
knowledge, may perhaps secure entire skulls or even skeletons 
from the same horizon, and thus lay a sure foundation for a 
knowledge of the fauna. 

As the number of described forms increases, the necessity 
of a direct comparison of types becomes imperative, and the 
comparative value of each type specimen is thus brought into 
notice. It will then frequently be found that not a few are 
uncharacteristic, while others are too incomplete to disclose 
their own essential features, and hence of little aid in indica- 
ting the aftinities of forms found with them. 

Type specimens that do not show characteristic features are, 
of course, of little value to science, and many such prove a 
delusion and a snare to the investigator, however faithfully he 
may endeavor to study them. The imperfect types require 
still more labor to decipher them. Not a few specimens to-day 
are types, for the simple reason that they are imperfect. If 
they had been entire when described, their true nature would 
have been recognized, and much confusion in nomenclature 
have been avoided. The chance preservation of some marked 
features may, indeed, give a hint as to what the whole specimen 
once was, but too often a suggestion only is thus offered, while 
the real nature of such types must always remain in doubt. 

A type in Paleontology should consist of the remains of a 
single individual, and this should stand as the original repre- 
sentative of the name given. A second specimen, or even 
more, may be used later to supplement the first, but not to 
supplant it. This, however, has been done by some authors, 
with the natural result of causing endless confusion in the 
nomenclature. 


The Selection of Type Specimens. 


The descriptions in Paleontology are too often descriptive 
only, and not comparative. This, if well done, is preferable 
to long academic discussions in regard to the affinities of a 
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specimen of which the main characters are not known, or not 
placed on record. <A vertebra of a reptile or the tooth of a 
mammal, if perfect and characteristic, may form a type that 
will be distinctive enough for the present requirements of the 
investigator. What the future may demand, will depend upon 
the advance of knowledge in that branch of science. 


_ In the choice of specimens worthy of being types, I can only 
suggest a course that seems to me the proper one. I believe 
experience has already shown that to make types of incom- 
plete or uncharacteristic specimens is seldom of permanent 
advantage to an author, and almost always a lasting injury to 
the branch of science he represents. There are more good 
specimens waiting to be found than any naturalist can possibly 
describe, and one such specimen is worth many of inferior 
grade. 

I may perhaps be permitted to mention, in this connection, 
my own experience in the matter of type specimens. As a 
student in Germany, years ago, I had my attention called par- 
ticularly to this subject, and was then strongly impressed with 
the importance of using only good specimens for first deserip- 
tions. This rule I have endeavored to follow. My researches, 
especially in western North America, have resulted in the dis- 
covery of more than one thousand new species of extinct verte- 
brates, and of these I have described about five hundred. 
Had I been satistied to use inferior specimens as types, I 
might have increased the number by one-half at least. 


No small part of the present literature of the paleontology 
of vertebrates is based on names applied to fragments, and a 
long period of more accurate work will be required before 
these can be rejected or incorporated into the digested knowl- 
edge of the subject. I recall one collection of types of extinct 
vertebrates, published in a single volume, and near a hundred 
in number, the greater part of which are uncharacteristic frag- 
ments, well fitted to burden science for all time with a legacy 
of uncertainty and doubt. Such work isa positive discourage- 
ment to all future investigators in the same field, and its value 
to science may well be questioned. 


The necessity of greater care in selecting type specimens, in 
Paleontology, at least, needs no argument to any student of 
the science who has done sufficient original work to appreciate 
the increasing difficulties of accurate investigation. To those 
who have had less experience, a word of warning, I trust, will 
not be in vain. 
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(2) The Preservation of Type Specimens. 


The careful preservation of their own type specimens is a 
sacred duty on the part of all original investigators, and hardly 
less so of those who are the custodians of such invaluable 
evidence of the progress of natural science. 

Local museums, as a rule, are less desirable repositories of 
type specimens than private collections, since the former 
usually can have little hope of permanent care, while the 
latter, if important, have a fair chance, by gift or purchase, of 
becoming part of a large endowed museum, where those in 
control are more likely to appreciate the importance of types, 
and carefully preserve them. 

For the preservation of type specimens, fire-proof buildings 
are indispensable. I recall no less than five Museums of 
Natural History, in America, that have either been destroyed, 
or their contents consumed, or seriously damaged by fire, since 
I became actively interested in natural science. Several others, 
in the meantime, have had narrow escapes from the same 
danger, so that I regard all type specimens as insecure that 
are not preserved in buildings practically safe from fire. 


Another danger to which type specimens are subject, is loss 
or injury during transit, when loaned or otherwise sent away 
from their regular place of deposit. This evil has become so 
serious, that some museum authorities do not permit type 
specimens to leave the building. This I regard as a wise 
regulation, and it is now in force at New Haven, and various 
other scientific centers. 

If a type specimen is important, the investigator will come 
to the type. I once made a long pilgrimage to a famous uni- 
versity town, mainly to see a single bone, the “tibia” of an 
extinct reptile, according to the description, and the type of a 
new genus. I found the bone in good custody, and well pre- 
served. It was not a tibia, however, but a radius, and this fact 
changed the classification based upon it. Had that bone been 
lost or destroyed, a new animal of strange proportions might 
have existed on the records of Paleontology, if not in Nature. 
That bone fortunately is still preserved, a witness whose 
testimony is conclusive. 


When fossil skeletons are discovered in position, the best 
methods of preservation, especially of types, requires the 
retention as nearly as possible of the bones as found. One fore 
and one hind foot, at least, should always be kept in the rock, 
and all impressions in the matrix carefully preserved. 
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The importance of indelibly marking type specimens, and 
the separate parts of each, so that they may be studied essen- 
tially as found, is also evident. If a type is restored with 
plaster or other substance, the limits of each should not be so 
obseured that investigators cannot distinguish them. These 
are not imaginary precautions. Cases of the kind mentioned 
are not uncommon in vertebrate paleontology, as every worker 
knows. One well-known skull, with portions now preserved 
in two museums, is restored in one of them, as an original, and 
is thus misleading. 

Type specimens preserved from other dangers may be 
injured unintentionally. Among the rare specimens damaged 
by zealous but unskillful hands in the house of their friends, 
three of the most important to paleontology, a reptile, a bird, and 
a mammal are well-known examples, and not a few others both 
in this country and America might be mentioned if it were 
proper to do so on this occasion. Such lack of intelligent 
custody of types will make the work of future investigators 
inuch more difficult. 

An indirect way of preserving type specimens is by means 
of casts. These, if accurately made, may be of much service, 
and, in fact, an insurance on the original specimen. They 
may often save an investigator a long journey, and in case the 
type itself is lost or destroyed, the copy may prove of great 
value in indicating what the name was intended to cover. 

Another indirect means of protecting type specimens would 
be to publish catalogues of them, giving the places where they 
are preserved. Such a list of a single group would be of 
great service to any one investigating it, and could be renewed 
from time to time whenever necessary. It would be well if 
everyone who described a species also stated where the type 
was deposited. In time this would become the established 
usage, and thus greatly facilitate the preparation of catalogues 
of types and their places of preservation. 


Paleontology has been called an exact science, but its records 
up to the present time do not bear out this statement. If, as I 
believe, it will yet be worthy of such a distinction, one means 
of its advancement will be for those who represent it to select 
better type specimens, and preserve them more carefully. 

In all branches of Natural Science, type specimens are the 
lights that mark the present boundaries of knowledge. They 
should be, therefore, not  will-o’-the-wisps, leading unwary 
votaries of science astray, but fixed beacon lights to guide and 
encourage investigators in their search for new truth. 


Am. Jour. Sc1.—Fourta Series, Vout. VI, No. 35.—Novemser, 1898. 
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Art. XLI.—TZhe Origin of Mammals ;* by O. C. Marsu. 


THE question under discussion is not new, but one of a 
series of similar nature and difficulty. The origin of Birds, of 
Reptiles, of Amphibians, and of Fishes really precede it, and 
offer less difficulties in solution. The answer to each, in my 
opinion, belongs to the future, and how far it may profitably 
be sought in the present limited state of our knowledge is a 
fair question in itself. 

Too often in the past, a discussion on the origin of Mammals 
has seemed a little like the long philosophico-theologico con- 
troversies in the middle ages about the exact position of the 
soul in the human body. No conclusion was reached, because, 
for one reason, there were no facts in the case that could settle 
the question, while the methods of investigation were not 
adapted to insure a satisfactory answer. The present discus- 
sion is on a much higher plane, and the previous speakers have 
made an admirable presentation of their side of the case. I 
cannot, however, quite agree with them as to the value of the 
facts and theories they have presented, and shall consider the 
question from another point of view. 


The Mammals, as we know them to-day, are classed by them- 
selves, yet contain such diverse groups that it may fairly be 
regarded an open question whether all have a common origin. 
The attempt to ascertain whence they came is likely to bring 
out indications that they may have had several sources of 
origin, and this, if so, may help to explain the great diversity 
among them. 

It is of course evident that some of the most characteristic 
features of recent mammals, for example, the hairy covering, 
the circulatory system, and the milk glands, cannot be used in 
a comparison with fossil forms. The osseous structure only is 
now available in the early mammals and .other vertebrates, 
and in this alone points of resemblance must be found if 
different groups are connected genetically. 

In considering the relations of reptiles to mammals so far as 
the fossil forms are concerned, which seems to be the main 
question before us to-day, I have only time to speak of the 
skull, and shall refer to some of its salient features already 
mentioned in this discussion ; namely, the teeth, the sqaamosal 
bone, the quadrate, the occipital condyles, and with them the 
lower jaw. These perhaps may Serve as crucial points in dis- 
tinguishing the skull of a reptile from that of a mammal, even 
if they fail to indicate a near affinity between them. 


* Remarks in the general discussion on the Origin of Mammals, at the 
International Congress of Zoology, Cambridge, England, August 25, 1898, 
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The different kinds of teeth seen in the reptiles regarded as 
mammalian in type, I consider of comparatively small import- 
ance, for the reason that the same general forms of teeth are to 
be found, not merely in the reptiles supposed to be nearest to 
mammals, but also in other groups widely different. In the 
Crocodiles, for example, the extinet genus Votosuchus, recently 
discovered in Patagonia, has all three kinds of teeth well dis- 
tinguished. Again, some of the Dinosaurs, especially the 
genus Triceratops, have teeth with two roots, a supposed 
mammalian character. In some Fishes, also, (Anarrhichas) 
three kinds of teeth may be seen. It is more than probable, 
therefore, that the peculiar resemblance between the teeth of 
mammals and those of the lower vertebrates is merely one of 
parallel development, the adaptation being along similar lines, 
and in no sense an indication of genetic affinity. 

The great development of the squamosal bone in Theriodont 
reptiles is not alone, for somewhat similar proportions are found 
in some other reptiles, for example, in the Plesiosaurs, where 
the squamosal is very large, and wrapped round the quadrate. 
In some of the Dinosaurs, also, (Zorosaurus) the squamosal has 
an enormous development, while the quadrate remains of very 
moderate size. 

The quadrate bone, always present in Birds, Reptiles, and the 
other lower vertebrates, is well-known as the suspensorium of 
the lower jaw, which meets it with a concave articular face. 
The quadrate, however, appears to be wanting in mammals, or 
at least has not yet been identified with certainty. 

What represents the quadrate bone in mammals, is a vexed 
question in itself, and some of the best anatomists in the past, 
Cuvier, Owen, Peters, Huxley, and others, have endeavored to 
solve the problem. The tympanic bone, the incus, and the 
malleus have each in turn been regarded as the remnant of the 
quadrate, but up to the present time the question has not been 
settled. It is not improbable that the quadrate may have 
coalesced with the squamosal. 

The occipital condyles of mammals, as well known, are two 
in number, and separated from each other. This is not the 
ease with any true reptile, although the contrary has been 
asserted. The nearest approach appears to be where there is 
a single bifid condyle, cordate in shape, with the two lobes 
meeting below, as in some reptiles and a few birds, but not 
separate as in mammals and amphibians. 

Finally, in all known mammals, recent and extinct, the 
lower jaw is composed of a single piece, and has a convex con- 
dyle meeting the skull by a distinct articulation. All reptiles, 
even those supposed to be nearest the mammals, have the 
lower jaw composed of several pieces, and these show distinct 
sutures between them, a profound difference that must be 
explained away before an approach can be made between the 
two classes. 
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It may fairly be said that the separate elements of the lower 
jaw, if present, would naturally be looked for in the Mesozoic 
mammals, and this point I have long had in mind. I may 
safely say that I have seen nearly every species of Mesozoic 
mammals hitherto described, and have searched for evidence 
on this point without success. I have also sought for the 
separate elements in the young of recent forms, but without 
finding any indications of them. 


Beside the crucial points I have mentioned in the skull, 
there are others of equal importance in the skeleton, which I 
must not take time to discuss, but will venture to allude to one 
of them in passing. I refer to the ankle joint, which, when 

resent, is at the end of the tibia in mammals, and in reptiles 
seomeat the first and second series of tarsals. When we really 
find an approach between these two classes, the ankle joint 
will probably show evidence of it. 


Having thus shown, as I believe, that we cannot with our 
present knowledge expect to find the origin of mammals among 
the known extinct reptiles, and that in attempting this we are 
probably off the true line of descent, it remains to indicate 
another direction in which the quest seems more promising. 

Since 1876, when Huxley visited me at New Haven, and we 
discussed the probable origin of both Birds and Mammals, I 
have been greatly impressed by his suggestion that the mam- 
mals were derived from ancestors with two occipital condyles, 
and these were doubtless primitive Amphibians. I have since 
sought diligently for the ancestors of birds among the early 
reptiles, with, I trust, some measure of success, but this is a 
pan, problem compared with the origin of mammals which 
we have before us to-day. 

In various interviews with Francis Balfour, in 1881, at the 
York Meeting of the British Association, we discussed the 
same questions, and agreed that the solution could best be 
reached by the aid of Embryology and Paleontology combined. 
He offered to take up the young stages of recent forms, and I 
agreed to study the fossils for other evidence. His untimely 
death, which occurred soon after, prevented this promised 
investigation, and natural science still suffers from his loss. 
Had Balfour lived, he might have given us to-day the solution 
of the great question before us, and the present discussion 
been unnecessary. 

The Birds like the mammals have developed certain charac- 
ters higher than those of reptiles, and thus seem to approach 
each other. I doubt, however, if the two classes are connected 
genetically, unless in a very remote way. 
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Reptiles, although much lower in rank than birds, resemble 
mammals in various ways, but this may be only an adaptive 
likeness. Both of these classes may be made up of complex 
groups only distantly related. Having both developed along 
similar lines, they exhibit various points of resemblance that 
may easily be mistaken for indications of real aftinity. 

In the Amphibians, especially in the oldest forms, there are 
hints of a true relationship with both Reptiles and Mammals. 
It seems to me, therefore, that in some of the minute primitive 
forms, as old as the Devonian, if not still more ancient, we may 
yet find the key to the great mystery of the Origin of Mammals. 
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Art. XLII.—Causes of Variation in the Composition of 
Igneous Rocks; by T. L. WALKER. 


[By permission of the Director of the Geological Survey of India.] 


Many attempts have been made to explain the causes of the 
variation observed in the composition of igneous rocks. This 
is particularly the case in “stocks” and dikes in which varia- 
tion reaches its maximum. Frequently the border facies are 
more basic, though this does not always hold true. The Car- 
rock Fell massive in the Lake district in England, the Meissen 
syenite eruptive in Saxony and some of the large nickel-bear- 
ing stocks in the Sudbury Nickel district in Canada are good 
examples of such differentiated eruptives. In all the above 
cases the border facies are basic—gabbro, norite, diorite, ete., 
while toward the center there is an increased acidity till syenite 
or granite is reached. The transition can generally be traced 
step by step, proving that the rocks so different chemically and 
mineralogically belong to the same eruptive and form a geo- 
logical unit. A.C. Lawson has shown that in the dikes of 
the Rainy Lake district in Ontario the dike rock near the wall 
is fine-grained and quite basic—toward the center the rock 
becomes gradually coarser in texture and more acid in compo- 
sition. Dikes do not show the very wide variation noted in 
stocks. This may be due to their much smaller dimensions 
and consequent more rapid solidification. 

I propose to review briefly the more common theories 
advanced to explain the phenomena above referred to and to 
eall attention to the part which gravitation seems to play in 
causing heterogeneity in eruptive rocks. 

During the last few years many theories have been advanced 
to explain the differentiation of igneous rocks. It is probable 
that most of these theories are applicable in certain cases, but 
it is equally probable that no one theory gives a satisfactory 
explanation of all the phenomena observed. Better results 
may be attained by considering the manifold relations of fused 
magmas and tracing the influence of each of these relations on 
the homogeneity of the fused mass. The differentiated erup- 
tive massive is the volume in which the history of these 
changes is more or less imperfectly recorded. 

Fragments of country rock are often torn loose by the 
ascending molten magma and absorbed, thus causing the margin 
of the mass to be more acid or more basic than the more cen- 
tral portions of the stock or dike. This is a cause of variation, 
but cannot properly be spoken of as differentiation. It is not 
to be regarded as a chief cause of variation.- If the difference 
in chemical and mineralogical composition were due to this 
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cause, we would expect to find the more acid facies of the 
eruptive in contact with the more acid country rock and the 
more basic facies in contact with the more basic country rock. 
These conditions are not always fulfilled—often quite the 
reverse. We are therefore justified in concluding that the 
absorption of inclusions of country rock plays only a very 
subordinate part in prodncing the variations observed in erup- 
tive rocks. 

Quite recently Johnston—Lavis* has drawn attention to the 
part played by osmotic force in the production of variations in 
igneous rocks. Suppose a laccolitic eruptive to be quite homo- 
geneous at the time of its intrusion, then, according to this 
writer, there would be a gradual interchange between the 
magma and the country rock—material passing by osmotic 
force from the magma to the country rock and wice versa. If 
the magma were acid and the country rock basic the former 
would become basic toward the contact and the country rock 
would become more acid. The laccolite would be basic on the 
borders and would become gradually more acid toward the 
center, where it would possess the composition of the original 
magma. True, this would seem to account for the variation 
within the eruptive, but what must we conclude with regard to 
the heterogeneity caused in the country rock? We would 
expect the metamorphosed country rock to resemble (chemi- 
cally) the eruptive near the contact, while the less metamor- 
phosed rocks would be less changed chemically. This, however, 
is at variance with the conclusions based on analyses of series 
of rocks from contact areas. Several series of analyses of con- 
tact products agree in demonstrating that no important chem- 
ical change accompanies such contact metamorphism 

Homogeneons salt solutions become heterogeneous if slight 
difference of temperature be maintained in different parts of 
the solution. A solution placed in a long horizontal tube will 
become slightly concentrated in the cooler end of the tube. 
This principle of Soret’s was first used to explain differentia- 
tion in rock magmas by Teall.t Supposing the magma to be 
an homogeneous mass at the time of intrusion and regarding it 
as a solution, we would expect that the “ dissolved” would con- 
centrate in the cooler parts adjacent to the country rock. 
Since the basic borders are characterized by the bases CaO, 
MgO and FeO, they or their silicates are regarded as the “ dis- 
solved.” More recently Harkert has criticised this theory of 
differentiation and concludes that it can account for only slight 


* Causes of variation in the composition of igneous rocks, Natural Science, 
1894. 
+ British Petrography, 1888, p. 404. 
¢ On the Gabbro of Carrock Fell, Quart. Journal Geol. Soc,, 1894. 


j 


412 T. L. Walker—Causes of Variation in the 


variations. According to Soret’s principle, the concentration is 

roportional to the absolute temperature. Thus, in order to 

ave twice as much of these dissolved bases or their silicates at 
the border as at the center of the eruptive, we would require 
to suppose that at the time of solidification the absolute tem- 
perature at the center was twice that at the border. Suppose 
the temperature at the border of the magma were 700° C. or 
973° absolute temperature, then the absolute temperature at the 
center would have been 1673° C. or 1946°. Are such differ- 
ences in temperature to be expected? Scarcely. Besides 
Soret’s principle has been established for only very d2/ute solu- 
tions and for only slight variations in temperature. The sepa- 
ration of masses of nearly pure ilmenite as border facies on 
basic eruptives would, as pointed out by Harker, require much 
greater difference of temperature, as the proportion of iron in 
these masses is often twenty-five times that contained in the 
central part of the eruptive. Such great differences in tem- 
perature would give rise to convection currents in the magma 
which would render differentiation quite impossible. 

It should not be forgotten, however, that in all probability 
differentiation and solidification were in progress at the same 
time, so that we should compare the proportion of the “ dis- 
solved” contained in the very narrow strip along the border, 
not with the proportion contained in the present center, but 
with that contained in the magma which occupied the center 
at the time when the first border strip solidified, since the 
present central rock is more acid than the magma which occu- 
pied the center during the earliest stages of differentiation. 
Similarly the next narrow strip should be compared with the 
magma which occupied the central portions of the eruptive 
reservoir at the time when the narrow strip in question solidi- 
fied. In this way the argument of Harker is weakened though 
not destroyed. 

Vogt* accepts Soret’s principle as having been a prominent 
cause of differentiation and even of the formation of marginal 
deposits of sulphide ores such as the Canadian and Norwegian 
nickel deposits, and of deposits of titanic iron ores such as 
those of Baie St. Paul on the Lower St. Lawrence. He is of 
the opinion, however, that magnetic forces may have had an 
influence in localizing minerals rich in iron, after their erystalliza- 
tion from the magma. In this connection it is interesting to 
notice that minerals rich in iron are generally among the first 
to crystallize and that in differentiated eruptive areas they are 
almost invariably concentrated as border facies. 

Harker+ maintains that the tendency to homogeneity in 


* Stockh. geol. Féren. Foérh., xiii, 1891, pp. 520-683. 
+ Loe. cit. 
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solutions plays a more prominent part in the production of 
variation in igneous rocks than the tendency to heterogeneity 
as emphasized in the case of Soret’s principle. Suppose a 
magma of homogeneous composition to become cooled along 
the border so that some of the constituents begin to crystallize 
out on the wall rock. The first to separate would be the 
minerals characteristic of basic borders. The deposition of 
these minerals from the magma would introduce heterogeneity 
into the magma. Diffusion would tend to restore homogeneity, 
thus causing a movement toward the border of the substance 
necessary for the continued formation of the minerals which 
had separated. The result is the same as that attained by 
Soret’s principle, but the causes are quite different—the one is 
the tendency to homogeneity, the other to heterogeneity. 
Harker’s view is based chiefly on the fact that the basic borders 
are composed of the minerals which are among the first to 
erystallize from molten magmas. Such early crystallizing 
minerals are—olivine, various pyroxenes, biotite, basic plagio- 
clases, iron oxides and sulphides. On the other hand acid 
plagioclase, orthoclase, quartz and muscovite, which characterize 
more acid rocks, are generally absent from the basic borders. 
The basic minerals erystallize along the border just as a erystal 
grows when suspended in a saturated salt solution—by appro- 
priating the salt within its “court” (Hof), which in turn is 
constantly being replenished by diffusion (the tendeney to 
uniformity) from the more distant parts of the solution. 

Some homogeneous salt solutions, if allowed to remain at 
constant temperature for a long time, become gradually more 
concentrated in the lower strata.* It is very probable that 
similar concentration occurs in complex silicate magmas, par 
ticularly near the temperature of solidification. An eruptive 
magma would therefore tend to become acid above and basic 
below. Since the margin becomes cooled comparatively 
quickly, the rock which solidifies along the border will have 
had very little time to become differentiated and will conse- 
quently possess nearly the same composition as the original 
homogeneous magma. Differentiation and solidification pro- 
gress simultaneously, and hence the rocks farthest from the 
border will have suffered the greatest differentiation and will 
vary most in chemical composition. In the upper horizons of 
the eruptive there would be a gradual increase of acidity 
toward the center; the middle horizons would show very little 
differentiation while sections through the lower portions of the 
reservoir would show an increased basicity toward the center. 
All of these cases are well known in field explorations. 


* Gouy and Chapéron, Ann. chim. phys., 1887, p. 387. 
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It is improbable that this is ever the only cause tending to 
produce variations in the composition of dikes and stocks. 

Frequently eruptive stocks possess basic borders and acid 
centers, but on the other hand there are a few well known 
eruptives where the central portion is much more basic than 
the margin. Vogt* says that in many Norwegian occurrences, 
the central portions are very basic, even to the extent of large 
masses of titaniferous iron ore. Though there are only a few 
such cases, yet they must be taken into account. Such occur- 
rences are anomalies according to all the old theories of dif- 
ferentiation outlined above, but they are quite regular when 
considered in connection with the explanation offered in the 


Vertical. Horizontal. 


‘Upper. Middle. Lower. 


Acid. 


Intermediate. 


Basic. 


Acid. Intermediate. ic. Ultra-basic. 


previous paragraph. In fact we should expect to find such 
eases. In order to obtain a section of a stock showing a basic 
border and an acid center, it is necessary that the original 
magma should have been basic, ahd to have a section from an 
upper horizon of the reservoir. If, however, the original 
magma were of an intermediate composition, say 60 per cent 


* Zur Classification der Erzvorkommen, Zeitschr. f. prakt. Geologie, 1894. 
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SiO,, and we havea section from near the base of the reservoir, 
we would expect the border to possess the same composition as 
the original magma and the center to be basic. Similarly all 
sections from the middle horizons of reservoirs should show 
little or no differentiation. This is illustrated by the accom- 
panying diagrams. Suppose the reservoir, for the sake of easy 
representation, to be cylindrical. The four upper figures rep- 
resent sections through a differentiated massive resulting from 
a magma whose original composition was acid—the first figure 
representing a vertical section; the other three horizontal 
figures form upper middle and lower horizons. Similarly the 
four figures in the second row represent sections of a massive 
whose original magma was of intermediate composition. The 
third row represents sections derived from a stock whose origi- 
nal composition was basic. 

A priori we should expect that the greater number of 
exposed sections of eruptive stocks would be from the middle 
horizons, that a much smaller number would represent the 
uppermost horizons and that a very small number would repre- 
sent the lowest horizons. This agrees exactly with the facts as 
revealed by geological field work, viz., most stocks as exposed 
show little or no differentiation, a much smaller number have 
basic borders and acid centers, while a very small number show 
acid borders and basic centers. 

The weakness of this theory consists in its fundamental 
principle—that gravitation causes a concentration in some solu- 
tions. Some physicists deny this, but the men who have inves- 
tigated it most are quite confident that differentiation does take 
place. 

Indian Museum, Calcutta, Nov. 10th, 1897. 


{ 
{ 
j 
H 
4 


416 Wright and Kreider—Relation between 


Art. XLIII.—TZhe Relation between Structural and Magneto- 
optic Rotation; by A. W. Wrienut and D. A. KREIDER. 


THE fact that any transparent, simply refracting, optically 
inactive substance when placed in a powerful magnetic field 
instantly acquires the property of rotating the plane of polar- 
ized light, and that the effect thereon is apparently of the same 
nature as that characteristic of certain specific atomic group- 
ings in molecules, as, for example, those containing the asymme- 
tric carbon atom, or of a particular molecular aggregation in 
certain crystalline units, such as sodium chlorate, naturally 
raises the question of relation between the two causes. _ Upon 
this subject literature furnishes no decisive records. Verdet’s 
admirable researches have brought to light many interesting 
facts in regard to the two rotations, but none upon the subject 
here proposed. 

It is known that when an optically active substance is placed 
in a magnetic field the two rotations are superposed, so that 
the resultant optical activity is the algebraic sum of the strue- 
tural and magnetic rotations. An interesting result is Verdet’s 
observation upon the behavior of iron and some other magnetic 
substances, to the effect that these, contrary to the general 
rule, rotate the plane in a direction opposite to that of the 
electric current or magnetie whirl. 

It seemed worth submitting to an experimental investiga- 
tion whether, if the optically active molecular structure or 
aggregation were effected in a magnetic field, it would be 
influenced thereby to an extent sufficient to show in its final 
optical properties, which would seem probable providing the 
interatomic or intramolecular forces are electrodynamic. 


Experiments on Tartarie Acid. 


Tartaric acid, three of the four isomeric forms of which are 
optically different, seemed applicable in this investigation, and 
upon it the first experiments were made. 

Ordinary dextrotartaric acid, when heated to 175° C. in the 
presence of water in sealed tubes, is gradually converted into 
equal amounts of the racemic and the inactive forms.* If 
the atomic arrangement in this molecule is subject to the 
influence of magnetic force, it might be expected that by 
effecting the above change in a magnetic field, the resulting 
product should differ from that ordinarily obtained. For 
instance, if the molecules or their factors possess polarity, the 
magnetic field should exert upon them a directive action, and it 


* Jungfleisch, Jahresb., 1872, 515. 
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might be expected that the resultant polarization would be 
influential in determining the final form assumed. 

In the following experiments two coils, made of german- 
silver wire carefully insulated by asbestos wrapping, furnished 
at once the required temperature and magnetic field. The 
coils were 160" long, with an opening into which a tube of 
16™™ diameter would snugly fit. They were composed of four 
layers of wire each containing forty turns, one end of each 
layer being brought out so as to permit of connection in series 
or in opposition, thereby making it possible to eliminate the 
magnetic effect without altering the temperature. With the 
current strength employed, which was from two to three 
amperes, each coil, with layers connected in series, gave a cal- 
culated magnetic field of between forty and fifty C. G. S. units. 

The determinations were all made in pairs: one in a mag- 
netic, the other in a neutral coil; and the period of heating 
varied from two to four days for each experiment, this being 
the limit set by the unavoidable carbonization which, if carried 
too far, detracts from the delicacy of the polariscope reading ; 
while the incidental evolution of carbonic acid results in such 
an increase of pressure that, though the tube should withstand 
it, partial loss of contents by violent effervescence upon open- 
ing the tubes is inevitable.* 

As a rule the tubes contained 5 grms. of dextrotartaric acid 
with 3° of water and, in order to reduce the pressure by 
expelling the air, were sealed while the contents boiled. At 
the conclusion of the experiment the tubes were emptied into 
50™* flasks, from which the portions tested were filtered into 
the polariscope tube. 

Preliminary tests seemed to indicate a slight intluence point- 
ing toward a tendency of the molecules under these conditions 
to group in the same way, that is to produce one product more 
abundantly than the other. 

In order to determine certainly whether or not this effect 
was invariable, a series of some twenty determinations was 
made under carefully regulated conditions. The quantities of 
tartaric acid were accurately weighed and the water measured 
with equal care. To avoid any possible effect due to difference 
of pressure each pair of tubes was exhausted by a water pump 
and sealed off at the same instant and at the same length. 
The temperature of the two coils was accurately equalized, 
each being then protected from loss by radiation by means of 
loose coverings of asbestos and finally enclosed in the same 


*Tt may be worth observing that the glass tubes thus employed have so 
yielded to the pressure at the temperature of these experiments as to make their 
further use impossible, unless perchance reannealing should restore their strength. 
The glass, however, did not appear to be chemically acted upon as it is by pure 
water when heated to that temperature. 
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wooden box, which was made long enough to permit of their 
being placed at sufficient distance from each other to avoid any 
appreciable interference in their magnetic fields. To counter- 
act any possible slight difference in the effect of the two coils, 
the tubes, after half of the time of heating, were changed from 
one coil to the other and the magnetic conditions with them. 
Finally, to avoid any variation in the action due to a difference 
of density in the two tubes, since the amount of water em- 
ployed was insufficient for a complete solution of the acid at 
the ordinary temperature, the tubes were agitated at certain 
intervals to insure uniform and equal density in each. 

With these precautions to have the conditions of each tube 
identical save in the magnetism, the series of determinations 
referred to failed to indicate any influence of the magnetic 
field, the rotation having been diminished by the same amount 


in each case. 


Experiments upon Racemic acid. 


Experiments were also made, under the same conditions, 
upon racemic acid; it being thought that this, being an equi- 
molecular union of both forms, would be more likely to show 
an effect when placed in a magnetic field more favorable to 
the existence of one form than the other. Finally a small per- 
centage of the dextro acid was added in the hope that a little 
excess of dextro would help the turning, but in neither case 
was any effect noted. 


FEaperiments on Sodium Chlorate. 


Identical considerations led to a like investigation of the 
erystallization of sodium chlorate in a magnetic field. 

Landolt and others have found that ordinarily sodium chlor- 
ate will, if undisturbed during spontaneous evaporation, 
deposit equal quantities of dextro- and laevo-rotatory crystals. 
The experiments here recorded also confirm this observation 
in general. Presumably Landolt has not meant that the quan- 
tities of dextro and laevo crystals are exactly equal, but that 
they are practically so, and the number of determinations 
recorded in this paper, which are only a small part of the num- 
ber actually made, will show that while there is a tendency to 
form in equal amounts, there is almost invariably a slight 
excess of one or the other which often may be considerable, 
yet to all appearance wholly accidental. 

That there is nothing inherent in the individual mole- 
cules of this substance which possesses rotary power or which 
determines the optical activity of the crystalline aggregate, is 
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pretty well established. Its solution possesses no activity,* 
and Landolt+ has further proved that even the supersaturated 
solution fails to exhibit the slightest optical activity. More- 
over, the form which the crystals assume can be influenced and 
determined by external causes. Thus it has been pointed out 
by Gernezt and by Landolt,§ in a slightly different way, that 
if into a supersaturated solution of sodium chlorate some 
fragments of dextro or laevo crystals are placed, only crystals 
of a like nature result. These experiments we have repeated 
but not with the extreme results noted above. While invaria- 
bly there is a very marked preponderance of the same kind of 
crystals as those introduced, we have never failed of finding a 
very considerable quantity of the opposite kind. In order to 
put on record something more definite in regard to the rela- 
tive quantities of the two forms deposited under these cireum- 
stances, we give in Table I the results of three experiments 
chosen at random from a considerable number. The rotation 
was determined by suspending 0-2 grm. of the finely powdered 
product in a liquid of the same refractive index, according to 
the method given at the end of this paper. 


TABLE I. 
Crystals deposited from a saturated solution of NaClOs, to which had been added : 
1A sprinkling of _ Resultant rotation ) 
powdered dextro in divisions of scale. 
crystals ....... +4°36 Large crop; all 
(i. e., 74% | small crystals, but 
2. A sprinkling of distinctly crystal- 
powdered Jaevo line. 
crystals ....... —42 
(i. e., 73%) 
3. One large and The six original 
five small dextro crystals, which had 
crystals ....... + 1°86 doubled in size, were 


removed before test- 
ing the rotation. 


Rotation of an equal wt. of pure dextro or laevo forms, + 8-96 division. 


It has even been claimed! that the influence of a small per- 
centage of some other optically active body in solution with 
the sodium chlorate influences the formation of the crystals, a 
conclusion which, however, our results as recorded in Table LV, 
with comment, do not sustain. 

* Marbach. Pogg. Ann., xci, 487. 
+ Ber., xxix, 2. 2410. 
Compt. Rend., Ixvi, 855. 
3 Loe. cit. 
Pepe and Kipping, Chem. News, Ixxv, 45, 
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One convincing proof of the optical indifference of the 
ultimate molecule of sodium chlorate is found in the fact 
observed in one of our experiments, that from a filtered solution 
of pure dextro-rotatory crystais, upon spontaneous evaporation, 
a very decided excess of laevo crystals was obtained. 

In the light of these facts as to the optically indifferent 
nature of the molecule of sodium chlorate and the ease with 
which its optically active molecular aggregation in the crystal- 
line unit is influenced, it certainly is not unreasonable to suppose 
that, since this particular molecular aggregation results in the 
rotation of the plane of polarization in a certain direction, 
if by means of the magnetic field we introduce forces tending 
to produce rotation, it should result in a directive action upon 
the molecules in this field, thus producing a preponderance of 
those crystals whose optical activity corresponds to the field 
in which they were formed. 

In the theoretical consideration of the possible influence of 
magnetism upon the formation of optically active structure, it 
should be recalled that avery characteristic difference exists 
between natural and magneto-optie rotation, namely, that if a 
ray of polarized light is caused to retrace its path through an 
optically active natural substance, the plane is rotated in the 
opposite direction so that the resultant rotation is zero, while 
in the magneto-optic phenomenon the rotation is independent 
of the direction in which the ray travels, the rotation being 
increased as many times as the ray has passed through the 
medium. Moreover, structural rotation is active and specifi- 
cally equal in every direction, while the magnetic rotation 
varies from a maximum in the direction of the lines of mag- 
netic force, to zero at right angles thereto; in other words, 
varies as the cosine of the angle which the ray makes with the 
lines of force. However, the magnetic whirl by itself appears 
to be incapable of rotating the plane of polarization, at least 
to any perceptible extent. The molecules of the medium 
placed in the magnetic field seem to be essential to the phe- 
nomenon, from which fact it is evident that the action in the 
ether which takes place about the lines of magnetic force, 
causes a change in the orbit or nature of the vibration of the 
molecule, which consideration would still leave probable, dur- 
ing the period of formation at least, some influence of the 
magnetic field upon the molecular aggregation in the erystal- 
line unit of a substance such as sodium chlorate, in which there 
is nothing inherent in the molecule which determines the 
optical nature of its aggregation. 

Nor can this fact, that the natural and magneto-optie rota- 
tions are superposable without permanently affecting the struc- 
ture, be considered conclusive against the supposition, the 
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experimental investigation of which forms the subject of this 
paper; unless indeed it should be possible by superposition of 
the magneto-optic rotation to completely reverse the structural 
rotation, i. e., so that the resultant rotation should be of oppo- 
site sense to the original structural rotation, under which cir- 
cumstances it might be possible that the molecules would 
rearrange themselves by swinging over into the enantiomorphic 
forms possessing that rotation, just as by external force the 
molecules in a crystal of calcite may be made to slide or swing 
from one position of equilibrium to another, or from one form 
to its twin, under the influence of pressure; the phenomenon 
being unaccompanied by any serious disturbance such as the 
disintegration of the erystal. 

However, since the magneto-optic rotation is small, even in 
the most powerful electro-magnetic fields, the facts observed 
would appear to be accounted for, and the reversal of the strue- 
ture would not be expected though an influence might be 
looked for during the period of formation of the body. 

To determine the truth or error of this supposition, as to 
the possible control of the final product, by securing conditions 
favorable to one and antagonistic to the other of the enantio- 
morphic forms, a large number of crops of sodium chlorate 
erystals were allowed to grow by spontaneous evaporation in 
magnetic fields with the results recorded in the following 
tables.* 


TABLE II, 
Crystals grown over N-pole of a vertical bar magnet. 
Crystals. Excess by 
No. Wt. No. Wt. % by wt. 
1 Dextro.. 5 -- onecrystal about 
‘)Laevo.. 9 hii 4 not weighed 60 All large crystals. 
Deztro.. 1°232 0°675 68°8 ) Dextro crystals 
“ )Laevo .. -- 0°557 larger than the laevo. 
{Dextro.. 77 O857 35 0-317 609 
.. 42 0°540 


‘{Laevo .. 31 0°335 


Table II shows the results of four crops obtained over the 
north pole of a bar magnet. Here the excess of dextro crys- 
tals in each case is conspicuous, and taken by themselves these 
results are misleading. Viewed in the light of the succeeding 
tables it appears probable that the uniformity here noted is 
purely accidental. 

* A thin ring of vaseline along the sides of the vessel was found very effec- 
tual in preventing the creeping of the solution during crystallization. 
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TABLE ITI. 
(a) Crystals grown over S-pole of the vertical bar magnet. 


Crystals. Excess by 
¢%of Dextro Remarks. 
No. Wt. No. Wt. by wt. 
l Dextvo.. «. 1°258 Laevo rather larger. 
Laevo .. 1°709 0°451 42°4 Uncertain, 0-333 grm, 
.. Excess if all this 
counts as laevo = 
grm. 
Dextro.. 30 2°040 1°320 
Laevo 64 0-720 34 All good size. Dex- 
3 Dextro.. 75 0°510 ins scutes tro rather larger. 
*)Laevo .. 77 0°6T7 2 0°167 43°0 
{ Dextro.. 58 0°350 10 0°107 
“(Laevo 48 0°243 59°0 
5 § Dextro.. 23 1610 2 0°129 5 of laevo crystals 
*?Laevo .. 21 1481 52°1 large, remainder 
very small. 
6. Resultant rotation = — 05 47:2) Crystals distinct but 
7. — 01 494 { small. Determined 
8 — 0°03 49°38; by method given at 
9 — 1:96 end of this paper. 
(b) Crystals grown under the N-pole 
10, Dextro.. 34 0°450 All clear and beauti- 
*)Laevo 42 0525 8 0°075 46:1 fully crystallized. 
ut Dextro_. 18 0°880 Trregular in size. Un- 
Laevo .. 33 1°633 15 0-753 35°0 certain 0°045 grm. 
12. Resultant rotation _.-.-.--.- = — 35 305) Crystals distinct but 
13. —19 394 | small. Determined 
14, — 2°8 344 by method given at 
15. — 004 49°38} end of the paper. 


Here again, especially in (4), a curious preponderance, this 
time of laevo crystals, is noted: but providing the effect to be 
sought for is that due to the direction of the magnetic whirl 
the results in (a) and (0) are inconsistent, since in both cases 
the direction of the lines of force and hence of the magnetic 
whirl is the same. However, from what has been said in regard 
to the difference of the structural and magnetic rotations, it is 
evident that the sense of the resultant activity could not be 
predicted. 


In order to test the effect of a more powerful magnetic 
field a Jamin magnet was supported vertically, so that a thin 
glass, flat-bottomed beaker having a diameter marked upon it, 
could be symmetrically placed over the poles and the crystals 
formed on each side of the dividing line be separately tested. 
But the result of a large number of crops so far as the opti- 
cal activity is concerned was disappointing. While an in- 
creased effect might have been expected or. at least a verifica- 
tion of the experiments with the bar magnet, the results are 
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practically identical with those obtained without the use of any 
magnet. 

However, there seemed to be a tendency to group over the 
poles. Though nothing very definite could be said about the 
observed arrangement “of these clusters, it may be positively 
asserted that the distribution of the erystals under these cir- 
cumstances was different from that ordinarily obtained, that is 
without the use of a magnet. 

In order to get a still more intense field the Jamin magnet 
was supported horizontally with its poles in a vertical line and 
the crystallization was effected in a small vessel made of tin- 
foil of just the proper size to fit between the poles, so as to be 
in the strongest part of the field. rene proved the 
field at this ‘point to be about 800 C. G. S. units. Some diffi- 
culty was experienced in getting the cry stals to grow in this 
vessel, but by cutting a plate of thin glass to fit the bottom 
this difficulty was overcome, doubtless because the glass afforded 
more nuclei about which the crystals form. A number of 
crops thus collected failed to reveal any effect of this magnetie 
field upon the optical property of the crystals. 


Crystallization of Sodium Chlorate in Electrostatic Field. 

Incidentally the effect of an electrostatic field was also inves- 
tigated. For this purpose a Leyden jar was charged from an 
electric machine. The poles from the two surfaces, after being 
capped by fairly thick glass tubes in order to prevent dis- 
charge, were brought as close together as was permitted by the 
solution contained in a shallow, thin-glass, flat-bottom beaker 
placed between them. Several preliminary experiments were 
made, but no particular effect was noted upon the formation or 
arrangement of the erystals in this field, nor upon the resultant 
optical activity of the crop of crystals. 


Experiments on Ferrous Sulphate. 


The tendeney of the crystals of sodium chlorate to group 
over the poles of the magnet, led also to some experiments 
upon the erystallization of an iron salt in a magnetic field. It 
was thought that because of its magnetic property the iron 
would show a more decided effect. A number of experiments 
fully confirmed this expectation. In each case the grouping 
over the poles was very conspicuous and unmistakable. There 
was, however, nothing definite in the arrangement of these 
crystals or of their axes beyond the marked tendeney to form 
in the strongest part of the magnetic field. 
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Method of determining the resultant optical activity of a crop of 
erystals, 


There is one point in the determination of the resultant 
optical activity of crops of crystals which does not appear to 
have been fully appreciated heretofore, which we would 
specially emphasize. It has been observed* that not all erys- 
tals which show a dextro or laevo rotation are necessarily pure 
forms. At times the twinning is almost if not entirely imper- 
ceptible, so that a crystal which may appear homogeneous and 
as a whole rotates the plane of polarization to the right or to 
the left, is found not to have the proper specific rotation, 
showing that in fact it isa combination of both forms with a 
preponderance of one or the other. It is evident, therefore, 
that in the determination of the excess of one or the other of 
the enantiomorphie forms in a erop of crystals, whether the 
basis of comparison be the number of erystals or their weight, 
an error might result. 

Among the many crops of crystals prepared during this 
investigation, a number of crystals of this kind appeared, 
some of which were more or less conspicuous for irregularities 
in structure and yet to all appearances were decidedly more 
like a single crystal than an aggregate, but the magnitude of 
their rotation was not commensurate with their thickness. 

- Moreover, very often the crystals are small and intergrown 
to such an extent as to make an accurate investigation of their 
rotation very tedious and difficult, if not impossible. 

It is evident then, from both of these considerations, that 
greater accuracy and economy of time would result from a 
direct determination of the resultant rotation of the whole 
crop. This may be accomplished by the elegant method 
developed by Landolt,+ founded upon Christiansen’s experi- . 
ments,t according to which the finely powdered crystals are 
suspended in a liquid of the same refractive index which has 
no solvent effect upon them. This method, with some slight 
modifications which we found ¢esirable, was as follows. 

The crystals were finely powdered in an agate mortar, and in 
order to secure greater uniformity in size and thoroughness 
of mixture, passed through a very fine sieve. Having the 
crystals hot at the start greatly facilitates the attrition as well 
as the sifting. A mixture of absolute alcohol and carbon 
disulphide in the proportion of one part of the former to two 
of the latter furnishes a liquid of the same refractive index in 
which the crystals are entirely insoluble. Commercial “ abso- 


* Marbach, Pogg. Ann., xci, 486; Landolt, Ber., xxix, 2, 2412. 
+ Ber., xxix, 2, 2404, 
¢ Wied. Ann., xxiii, 298. 
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lute” alcohol will answer the purpose so far as the transpar- 
ency of the mixture is concerned, and any slight solvent effect 
ean be eliminated by preparing the mixture in a test tube 
containing some powdered sodium chlorate, which is further 
required as an indicator since the carbon bisulphide must be 
added finally drop by drop till the maximum transparency is 
secured, then filtering into the polarimeter tube containing the 
powder to be tested. 

The greater specific gravity of the sodium chlorate necessi- 
tates continual rotation of the polarimeter tube in order to keep 
the powder in suspension. This was effected in a very simple 
way by slipping corks of proper size for the polarimeter over 
both ends of the tube and turning a slight groove in each, in 
which ran an endless string from two wheels on an axis 
directly above. By wrapping the tube with a small piece of 
sheet lead, sufficient weight was given it to cause a regular and 
smooth rotation when the wheels from which it hung were 
rotated by a small electric motor worked with one Grove cell. 
This simple device makes it possible, with a very little rigging, 
to rotate a tube in any polarimeter which may be at hand. 

Landolt has pointed out that the rotation should be main- 
tained at between 50 and 80 revolutions per minute, in order 
to have uniform suspension without the centrifugal action, 

In all of the experiments in which we employed this method, 
0200 grm. of the sodium chlorate was taken after the whole 
crop of crystals had been reduced to a uniform powder and 
thoroughly mixed. 


Effect of the presence of optically active substances in the solvent 
medium. 


During the course of this investigation the peculiar results 
obtained made it seem worth while to repeat the experiments 
of Pope and Kipping* previously referred to, since the sus- 
picion had arisen that their conclusions may have been based 
upon insufficient data, just as it might have been inferred from 
the results recorded in Table II of this paper, had not further 
experiment failed to verify it, that the magnetic field deter- 
mined the form of the erystals. 

Accordingly a five per cent solution of dextrose was pre- 
pared as they have stated and subsequently saturated with 
sodium chlorate. Three portions of this solution were filtered 
and allowed at the same time to erystallize by spontaneous 
evaporation in a place free from vibrations or any apparent 
cause of disturbance. Curiously each of the three crops was 
found to have an excess of dextro crystals. Pope and Kipping 


* Chem, News, Ixxv, 45. 
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have announced that under these circumstances an invariable 
excess of laevo crystals should form. Three more crops were 
grown under the same conditions and curiously again these 
three all had an excess of laevo crystals. Other crops were 
then grown and the percentage of dextrose in solution increased, 
but it was found to have no effect, the crystals coming down 
one time with an excess of dextro and the next time with an 
excess of laevo, as is shown by Table IV, results which in no 
way differ from those obtained where the crystals are formed 
in the ordinary way. 


TABLE IV. 
4% of Dextro. Remarks. 
1. Resultant rotation ........-.- = + 2°84 posi’ | First set. Good crop 
2. + 2°46 63°7 of sharp and clear 
3. + O94 55°2 but small crystals. 
4. — 0°37 479 ) From mother liquor 
6. — 1°24 43°1 \ Gcod clear crystals. 
Crystals by Excess by 
No. Wt No. Wt 
» § Dextro.. 9? Clusters and frag- 
Laevo.. 16? 0°825 7? 0°255 44°8 ments made number 
uncertain, 
{ Dextro.. 3 1°060 4 large crystals, of 
~* (Laevo .. 13? 0°505 10 ekg 67°7 which 3 were dextro 
and 1 laevo; remain- 
der small and all 
laevo. 
9. Resultant rotation _.........- = — 0°55 46°9 From mother liquor 
of 7-8. 
10 § Dextro.. 32 18 Mother liquor of No. 
“(Laevo .. 14 9 with addition of 
some of original so- 
lution. Large, fine 
crystals. 
il Dextro.. 104 1372 15 0°147 
Laevo .. 89 53°3 Uncertain, 0°031 gm. 


Pope and Kipping do not state the number of results upon 
which they have based their conclusions, but our experience 
indicates that, whatever be the undetermined cause* of this 
varying excess of dextro or laevo erystals, whenever several 
crops are allowed to grow under the same circumstances, each 
being portions of the same solutions, taken at the same time, 
the causes acting on each are likely to be the same, and to give 
rise to an excess of the same kind of erystals in each ease. 
Therefore to determine whether or not any special influence is 
exerted by extraneous forces a sufficient variety should be 
given to the experimental conditions to assure the unmistaka- 
ble revelation of this influence. 


* Is it the influence of the first crystal formed? 
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TABLE V. 


Sodium chlorate from saturated solution by spontaneous evaporation. 


Crystals by Excess by 
No. Wt. No. Wt. Zof Dextro. Remarks, 
§ Dextro-- 41 0°870 7 037 
Laevo .. 34 07500 63°5 
2 § Dextro-- 18 0°546 
* ( Laevo -. 24 0°630 6 0-084 46-4 All clear and large. 
Dextro-- 30 1-306 07130 Uncertain = 0°130 
*? Laevo .. 30 1176 52°6 grm. 
43 Dextro_- 4 0°285 07183 
*¢ Laevo .. 7 07102 3 73°6 
Dextro.. 10 0°612 Uncertain  0°025 
°*) Laevo _. 18 1°127 8 0°515 35°2 grm. 
6. Resultant rotation............ = —40 27°77 +) After evaporating 
9. 42°2 
Conclusion. 


The results obtained from these experiments show no 
marked and indisputable evidence of the influence of the 
magnetic field upon optically active structure. However, a 
review of the results seems to indicate a disturbance of the 
equilibrium by the magnetic field which results in a rather 
greater variation from the neutral crop of sodium chlorate 
erystals than is ordinarily obtained, but without revealing any 
definite influence in regard to the direction of the resultant 
rotation. 

It might appear that a foree however feeble should be sufti- 
cient to exert a directive action upon the substance during the 
period of formation, which, if true, gives the results pre- 
viously discussed the greater weight, since even the strongest 
magnetic fields employed have failed to control the direction 
of the resultant activity. 


Sloane Physical Laboratory, Yale University, 
June 1, 1898. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysICcs. 


1. On Crystallized Metallic Caleium.—The preparation of 
— pure metallic calcium in the crystalline form, has 
een described by Moissan. For this purpose he has made use 
of the fact that metallic calcium is soluble in liquid sodium at 
the temperature of dull redness. On cooling, the calcium crystal - 
lizes out and on removing the sodium by means of absolute 
alcohol, white, brilliant hexagonal crystals of pure calcium are 
obtained. In an iron crucible, holding about a liter, are placed 
600 grams of crystallized anhydrous calcium iodide and 240 
grams of sodium ; three times the sodium required by the equa- 
tion CaI,+Na,=Ca+(Nal),. The crucible is closed with a 
screw top and is then placed in a furnace and maintained at a 
dull red heat for about an hour, being occasionally shaken. On 
opening the crucible after cooling, it contains a blue mass of the 
melted salt upon which rests a cake of metallic sodium. This 
cake is broken into fragments and thrown into a liter flask con- 
taining 500° of absolute alcohol cooled by ice. When the evo- 
lution of hydrogen has ceased, the liquid is decanted and an 
equal quantity of absolute alcohol is added. This washing is 
continued until the alcohol shows no residue on evaporation. 
The brilliant powder left behind is treated with absolute ether 
and then dried in a stream of dry carbon dioxide or hydrogen. 
It is preserved in a sealed tube. The yield is about 50 per cent 
of the theoretical quantity, about 40 grams being obtained in 
each operation. Crystallized metallic calcium may also be ob- 
tained by electrolyzing fused calcium iodide at a red heat, the 
negative electrode being pure nickel and the positive a graphite 
cylinder placed in a porous cup. On analysis the metal thus 
obtained gave 98°9, 99°1 and 99°3 per cent of calcium in three 
samples. — C. #., exxvi, 1753-7, June, 1898. G. F. B. 

2. On the Preparation and Properties of Caleium Hydride.— 
The direct union of calcium and hydrogen to form a hydride has 
been effected by Motssan. The pure crystallized calcium above 
described is placed in a nickel boat in a glass tube through which 
passes a current of pure and dry hydrogen, prepared by passing 
it successively through two red hot porcelain tubes, containing 
copper turnings and pure boron respectively. The gas is then 
dried by fused potash and phosphoric oxide calcined in a current 
of oxygen. After the tube has been filled with hydrogen, the 
end is sealed and the gas pressure is increased to 30 or 40™ of 
water. The temperature is then slowly raised and when it attains 
a red heat the calcium takes fire; the gas is rapidly absorbed and 
a white fused mass of calcium hydride is obtained. It has a 
crystalline fracture, a density of 17, and is not dissociated at 
600° in a vacuum nor at the temperature of melting Bohemian 
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glass in air. Even at a red heat, it is unchanged in air; though 
it takes fire in the blowpipe flame. Thrown into water, the latter 
is decomposed and its hydrogen unites with that of the hydride, 
producing calcium hydrate and hydrogen. Its composition is 
CaH, and it acts energetically as a reducing agent.—C. &., 
exxvii, 29, July, 1898. G. F. B. 

3. On an Improved method for determining Molecular Mass 
by the Boiling Point.—Early in the present year, Landsberger 
described* an improved apparatus for fixing the molecular mass 
of a substance by means of the elevation which it produces in 
the boiling point of a solvent when dissolved in it. In this appa- 
ratus the solution is kept at its boiling point by the passage 
through it of the solvent vapor alone, thus avoiding superheating. 
Wa ker and LumspEN have now proposed a modification of this 
method which consists in measuring the volume of the solution 
after equilibrium has been attained, instead of its weight. The 
apparatus consists of an inner tube, to contain the solution, about 
3°" in diameter and 20° long, graduated up to 30°° from below, 
and contained within an outer tube 6° in diameter and about the 
same length. Through a stopper in the inner tube passes a ther- 
mometer and a tube to convey the vapor of the solvent, both 
going to the bottom. This vapor, generated in a side flask, 
passes through the solution in the inner tube, thence through a 
small hole near its top into the outer tube and on to the condenser. 
To fix the boiling point of the solvent, about 12° of it are placed 
in the inner tube, and its vapor is then conducted through it from 
the flask until drops fall from the condenser at the rate of one 
every two seconds or so, when the thermometer is read. The 
tube is then transferred to an upright cylinder which it just fits 
and the volume of the solution is read to tenths of 1°. About 
half of the liquid is now poured off and from half to one gram of 
the substance under examination is added to the remainder in the 
tube. The vapor is then passed through this as before, the ther- 
mometer is again read and the volume measured. The latter 
operation may be repeated half a dozen times and the mean taken. 
The result may be calculated by the formula 


Constant * mass of substance 


Elevation < volume of solution. 


The constants for the various solvents are obtained simply by 
dividing the ordinary weight-constants of these liquids by their 
densities at the boiling point. Since only one weighing is needed 
much time is saved, six determinations requiring only a half hour. 
The volume need be read only to 01° and the thermometer 
only to fifths of a degree. Alcohol or ether should preferably be 
used as the solvent, though acetone gives good results when pure. 
Values obtained with various substances in various solvents are 
given which show that the accuracy of the method is quite suffi- 


* Ber. Berl. Chem. Ges., xxxi, 458, March, 1898. 
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cient for ordinary preparatory or research work in organic or 
inorganic chemistry.—/. Chem. Soc., xxiii, 502-511, June, 1898, 
G. F. B. 

4, On the Chemical Effects of the Silent Electric Discharge.— 
An elaborate series of experiments has been made by BerruEtor 
on the chemical effects of the silent electric discharge, having 
reference specially to the union of nitrogen with compounds of 
carbon. The mixture under examination was enclosed in a nar- 
row space about a millimeter wide, through which passed the 
discharge from a coil having a Deprez contact-breaker and 
including a Leyden in circuit. The sparks were 12 to 15™™ long, 
the discharges being alternating. They were kept up generally 
for 24 hours. If the vapor pressure was high the liquids behaved 
like gases, but if low the reaction was slow. The intermediate 
products when examined were found to differ considerably from 
the final products. While the speed and nature of the reactions 
seem to be functions of the intensity of the discharge, actual 
sparking should be avoided. Final equilibrium depends in gen- 
eral upon the production of solid or resinous products having 
a low vapor pressure and a low conductivity. When nitrogen is 
absorbed the product resembles an amine or an amido derivative, 
being often a poly-amine. Methane thus treated gives up half 
its hydrogen, yielding a solid body C,,H,,. If nitrogen be pres- 
ent, it is absorbed in amount rather less than one-quarter of the 
volume of the hydrogen set free, giving a solid body C,H,N,, 
alkaline to litmus and probably a tetramine. Ethane loses a 
third of its hydrogen and yields the same condensation product ; 
while in presence of nitrogen, the solid produced C,,H,,N, is 
analogous to that from methane. Ethylene condenses to a solid 
C.H,,; while with nitrogen the volume of this gas absorbed is 
substantially equal to that of the hydrogen set free, and the 
resulting alkaline solid is the same as with ethane. Acetylene 
yields first a liquid and then a solid which when heated is decom- 
posed with explosion and oxidizes rapidly in the air. With 
nitrogen the solid product C,,H,,.N, is obtained. Propylene 
alone yields a solid C,.H,, and with nitrogen a whitish resin 
C,,H,.N,. Carbon monoxide is converted into carbon dioxide 
and the sub-oxide C,O,; and into a brown solid forming an acid 
solution when dissolved in water. With hydrogen in excess, the 
gases condense in equal volumes, giving (CH,O),, a mixture of 
polymers of formaldehyde. With hydrogen and nitrogen, a con- 
densed formamide (CH,NO), results. Carbon dioxide alone gives 
percarbonic oxide and the above sub-oxide. Mixed with two vol- 
umes of hydrogen, a carbohydrate is formed similar to that 
given by the monoxide. With one volume of nitrogen and three 
of hydrogen a residual gas is obtained consisting of equal vol- 
umes of nitrogen and hydrogen ; and also a solid product which 
when heated with water gives an effervescing solution containing 
ammonium nitrite, and which may be considered as a compound 
of this substance with the amido compound given by the monox- 
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ide. The author compares this action of the electric discharge to 
the interactions of water and carbon dioxide in plants. Similar 
interesting results were obtained with the alcohols and ethers, 
ethyl alcohol giving a solid C,,H,,.N,O,.—C. &., exxvi, 561, 567, 
609, 616, February, 1898. G. F. B. 
5. Ona New Gas,—At the Boston meeting of the American As- 
sociation, C. F. Brusu announced the discovery of a new gas, a 
constituent of the atmosphere and presumably elementary. Its 
chief characteristic is its enormous heat conductivity at low pres- 
sures. In studying the heat conductivity of several gases in high 
vacua, early in i897, he had observed that pulverized glass when 
heated evolved a considerable quantity of absorbed gas. And mak- 
ing use of his heat-conductivity method to detect the hydrogen 
present, he was surprised to find that at 36 millionths pressure the 
residual gas conducted heat twice as well as air and nearly as 
well as hydrogen ; while at 3-8 millionths it conducted seven times, 
at 1°6 millionths, fourteen times, and at 0°96 millionth, 20 times 
as well. Under this latter pressure the time taken for the ther- 
mometer to cool from 15° to 10° was only 177 seconds; pure 
hydrogen requiring 288 seconds. Upon exposure to the air the 
glass reabsorbed the new gas. Upon subsequent investigation 
other porous materials were found to answer the same purpose. 
Charcoal made from pine-wood sawdust and highly heated 
evolved the new gas. Fine white siliceous sand when heated in 
vacuo also gave it, the conductivity at the pressure of 0°12 of a 
millionth being 42 times that of hydrogen. To free this new gas 
from the gases mixed with it, diffusion through a treated porce- 
lain tube was resorted to. Under a pressure of 1°3"™, about 19° 
of gas diftused per hour. And after 36 hours the diffused gas being 
tested showed at 6 millionths a higher conductivity than the speci- 
men last mentioned for the same pressure; the heat conductivity of 
air therefore seems increased a hundred times, at very low pres- 
sure, by one diffusion. Since even when mixed with other gases, 
the heat conductivity of the new gas at very low pressures is 100 
times that of hydrogen, the author thinks that when pure it may 
become a thousand times greater. Supposing the molecular 
speed to be proportional to the heat conductivity, the molecular 
speed of the new gas would be at least 100 times that of hydro- 
gen, or 105 miles per second, Moreover as the molecular veloci- 
ties vary inversely as the square root of the densities, the density 
of the new gas is only the 10,000th part of that of hydrogen or 
the 144,000th part of that of air. It should therefore extend 
144,000 times as high as the air and hence must extend indefinitely 
into space. If, as is probable, less than a millionth of it is con- 
tained in the atmosphere, then it seems likely “that it not only 
extends far beyond the atmosphere but fills all celestial space at 
a very small pressure.” Hence the author, assuming the new gas 
to be elementary, has given it the name “Aetherion,” and sup- 
poses its molecule to be monatomic. He ventures the conjecture 
that it will be found to be a mixture of three or more gases, all 
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very much lighter than hydrogen.— Abstract of paper communi- 
cated to this Journal by the Author. 

6. Electricity and Magnetism ; a Mathematical Treatise for 
advanced undergraduate students ; by Francis E. Nipuer, A.M. 
2d ed., revised with additions, 8vo, pp. xii, 430. St. Louis, 1898. 
(J. L. Boland Book and Stationery Co.)—Professor Nipher has 
succeeded in producing a text-book admirably adapted for higher 
class room work and we are not surprised that a new edition 
should so soon be called for. He tells us that he has made an 
attempt in it “to avoid wasting the time of the reader over 
puzzles and obscurities which are made difficult and called easy.” 
In this edition, he gives in the preface reasons for the treatment 
he has adopted and says: “It is for such reasons that the author 
has determined not to be guided by those of his reviewers who 
seem to think that the time of the student should be spent in 
rapidly acquiring a set of rules by means of which electrical 
machinery may be designed. The great advances in engineering 
have been made by those who applied their brains to useless 
things and made them useful. This is a sufficient reason why 
the engineer should be first of all a student.” G. F. B. 

7. Electrical currents excited by Rintgen rays.—It has been 
shown by various observers that these rays can dissipate electri- 
cal charges. A. WINKELMANN shows that they can also charge 
bodies. He states that J. Perrin (Comptes Rendus, exxiv, p. 
496, 1897) has also proved this independently and has arrived at 
practically the same result. Winkelmann, however, goes on more 
exhaustively to show that the air between the source of the 
X-rays and the charged body is broken up into ions; and he 
measures the ohmic resistance of different layers of air thus ion- 
ized. The method of studying the resulting charges consisted in 
charging a condenser by the rays and in discharging this through 
a ballistic galvanometer. The sensitiveness of the galvanometer 
was such that the discharge of one microfarad charged with 
0°032 volt gave a deflection of 2°". An electrometer was also 
used.- It was shown that the electrical charges on plates of dif- 
ferent metals were not produced by the direct effect of the X-rays 
but were the result of the ionizing of the intervening air; for the 
plates could not be charged when they were coated with a layer 
of varnish which was permeable to the X-rays. If we adopt the 
hypothesis that the charging is due to the ions conveying charges, 
we find that the changes in resistance of the intervening air is 
explained: for this resistance depends on the number of ions in 
the unit of volume. This resistance was found to depend on the 
intensity of the Réntgen rays; on the number of breaks of the 
induction apparatus per second, and between plates near together, 
on the resistance in the current cirquit. The specific resistance of 
air can thus vary greatly under the influence of the rays. The 

roportion of ionized molecules to the whole number of molecules 
in the unit of volume was found to be 4°6 x 10713. This is the 
same order of magnitude as the result obtained for hydrogen by 
Prof. J. J. Thomson.— Wied. Ann., No. 9, pp. 1-28, 1898. J. T. 
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8. Reflection of Cathode rays.—H. Starke proves by a method 
which he believes to be superior to those hitherto adopted, that 
cathode rays are reflected in different degrees by different metals. 
At perpendicular incidence, platinum reflects 36 per cent. This 
proportion does not change appreciably with changes of charging 
potential from 6000 volts to 9000 volts.— Wied. Ann., No. 9, 
pp. 49-60, 1898. J. T. 

9. Change of the energy of Cathode rays into light rays.— 
E. WiepEMANN measures the proportion of energy of the cathode 
rays which is converted into light rays and finds that the propor- 
tion converted into light is of the same order as that in the case 
of photoluminescence and is very small.— Wied. Ann., No. 9, pp. 
61-64, 1898. J. 

10. The Theory of the Coherer.—Since the discovery of Branly 
that electrical waves can diminish the resistance of tubes filled 
with fine metallic particles, many investigators have endeavored 
to ascertain the cause of the phenomenon. The recent experi- 
ments in wireless telegraphy have given great interest to this 
inquiry. D. van Gutik reviews the various theories proposed, 
and in view of his own experiments inclines to the belief that the 
action is due to minute sparks between the particles, which break 
down the separating oxide or intervening medium, and the torn 
off particles resulting from the disruptive sparks build a conduct- 
ing bridge. He objects to the new term “Frittréhren” intro- 
duced by Slaby.— Wied. Ann., No. 9, pp. 136-145, 1898. 

E. Dorn has carried out a very complete series of experiments 
to test the theories of the coherer. The degree of moisture of the 
pulverized substances greatly affected the results. Oxides of 
iron, of zinc and of copper appeared to possess the greatest con- 
ductibility ; aluminum and its oxides the least.—- Wied. Ann., 
No. 9, pp. 146-161, 1898. J. %. 

11. Absorption of light produced by a body placed in a magnetic 
field.—AvueGustE Ricut discusses phenomena of absorption due to 
the Zeemann effect. A beam of light from the sun or an electric 
light is polarized by a nicol prism and sent through the axis of 
a powerful Ruhmkorf magnet. This beam is extinguished by a 
second nicol. Between the poles of the magnet is placed a 
sodium flame. The yellow light is not extinguished on turning 
the analyzer; on the contrary it becomes white and more and 
more intense. The author discusses the theory of the experiment 
from the point of view of Zeemann.— Comptes Rendus, July 25, 
1898, p. 217. J.T. 


II]. AND MINERALOGY. 


1, 18th Annual Report of the Director of the U. 8. Geologi- 
cal Survey, 1896-97 (Extract from 18th Ann. Rept., Pt. I), C. D. 
Watcorr, Director; pp. 1-130, two folded maps. Washington, 
1897.—During the year covered by this Report the sum of 
$568,690 was appropriated for the work of the United States 
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Geological Survey. The new work of establishment of perma- 
nent monuments resulted in running 10,840 miles of levels and 
establishing 1820 bench marks. Provision was made, by the 
sundry civil bill approved June 4, 1897, for the survey of the 
northern portion of the boundary line between Idaho and Men- 
tana, the first work of the kind assigned to the Geological Survey. 
Provision was also made, with an appropriation of $150,000, for 
the survey of the forest reserves. Progress was made in this 
direction, specially in South Dakota, Wyoming, Montana and 
Washington. 

The preparation of educational series of rocks was completed 
and their distribution to educational] institutions begun. For the 
purpose of assisting the director in the internal work of the Sur- 
vey, advisory committees were established in petrography and 
chemistry, and Mr. Bailey Willis was appointed assistant to the 
Director in geology.. The main branches of work of the Survey 
were continued along the lines of previous years with the accus- 
tomed energy and abundant results, a summary of which is given 
in the report. H. Ss. W. 

2. Summary Report of the Geological Department of Canada 
for the year 1897, G. M. Dawson, Deputy Head and Director ; 
pp. 1-156. Ottawa, 1898.—Among the numerous items of interest 
of which a general summary is given here, attention may be 
called to the following: The experimental borings in Northern 
Alberta, at the mouth of the Pelican River and at Victoria on 
the Saskatchewan, have resulted in the discovery of the “tar 
sands” in the Pelican River boring, at the depth of 750 feet. 
Here maltha, or heavy, tarry petroleum was met with, and at 820 
feet an exceedingly heavy flow of natural gas under high pres- 
sure was struck. ‘These rocks, it will be remembered are of Cre- 
taceous age. In the Victoria well only the dark overlying shales 
have yet been penetrated, to a total depth of 705 feet. 

The investigation of Dr. Adamsand Mr. Barlow in the Halibur- 
ton region bear out the conclusions of former work in showing that 
the Fundamental gneiss consists of granitoid-gneissic rocks in the 
form of great batholitic masses, the limestones, etc., of the Gren- 
ville series sagging down between and wrapping around the 
batholites as great mantles. These gneissic rocks, in parts of the 
area, have become more completely molten and have developed 
into truly intrusive granites which no longer merely arch up the 
overlying strata but break through and cut across them, 

Interesting results were obtained by Mr. Chalmers in tracing 
the Pleistocene shore lines of the St. Lawrence Valley.. The 
traverse extended from Orleans Island westward to Lake Ontario 
and to Lake Nipissing. From his observations Mr. Chalmers 
concludes that the general upheaval,of the St. Lawrence basin in 
the Pleistocene period was differential throughout, increasing to 
the westward. The greatest upheaval seems to have been immedi- 
ately to the northeast and north of the Great Lakes, and the 
maximum heights there will probably be found to be represented 


Geology and Mineralogy. 435 


by a number of axes, or uplifted belts, not always in the same 
direction, but conforming more or less to the longer axes of these 
great bodies of water. The period at which this great upheaval 
of the region took place appears to have been that of the deposi- 
tion of the Saxicava sands, or rather during the latter part of that 
period, 

Regarding the Carboniferous Flora of Nova Scotia, Mr. 
Whiteaves reports that “the fossiliferous sandstones and shales 
of the Union and Riversdale regions in Colchester and Pictou 
counties, are seen to lie unconformably beneath the fossiliferous 
marine limestones, sandstones and shales of Lower Carboniferous 
age. They hold plants and animals which in their broad general 
characters resemble those of the eastern American Carboniferous 
—if we leave out of consideration the types which occur in the 
‘fern-ledges’ of Lancaster county in New Brunswick, described 
and regarded as Devonian. The fossils which show this affinity 
to types of Carboniferous age include, besides the presence of a 
protolimuloid crustacean closely allied to Prestwichia and erect 
trees of doubtful affinities, such genera as: Calamites, Astero- 
phyllites, Alethopteris, Sphenopteris, Cyclopteris, Cordaites, 
Spirorbis, Naiadites, (Anthracomya), Lepidodendron, Leaia, 
Carbonia, Estheria, ete. Ali these have been found in the 
Riversdale and Union rocks, and the following species are com- 
mon to these rocks and those of Lancaster county, New Bruns- 
wick: Cyclopteris (Aneimites) Acadica, Lepidodendron corru- 
gatum, Stigmaria ficoides, var., Cordaites Robbii, (sometimes 
with numerous specimens of Spirorbis covering the surface of the 
leaves,) besides closely related forms belonging to the genera 
Calamites, Asterophyllites, Alethopteris and Sphenopteris. From 
this it would appear that the strata of Union and Riversdale may 
be regarded as equivalent to those in Lancaster county, which 
have been described and held to be of Devonian age.” _u. s. w. 

3. The Geological History of the Isthmus of Panama and 
portions of Costa Rica. Based upon a Reconnoissance made for 
Alexander Agassiz; by Roserr T. Bull. Mus, Comp. 
Zool., Harv. Coll. Vol. xxviii, No. 5, pp. 151-285, figs. 1-24, 
plates i-xix. June, 1898.—A notice of this important paper is 
deferred until another number, 

4, The physical geography of Worcester, Mass. ; by Joseru 
H. Perry; pp. 1-40, plates i-viii. 1898.—A popular description 
of the surface features about Worcester, illustrating the drumlins 
and other evidences of glacial action. The plates are reproduc- 
tions of photographs finely prepared by J. Chauncey -Lyford, 
the whole doing credit to the Worcester Natural History Society, 
which publishes the paper. H. Ss. W. 

5. Handbuch der Mineralogie ; von Dr. Cart Hixrze. Erster 
Band, Zweite Lieferung, pp. 161-320. Leipzig, 1898 (Veit & 
Company).—The second part of Volume I of Hintze’s Mineralogy 
(No 14 of the entire series) has just been issued. Its hundred 
and fifty pages are devoted to descriptions of native iron, copper, 
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silver, and gold. These subjects are treated, as is implied in this 
statement, with admirable fullness, particularly with reference to 
the geographical distribution, and liberal illustrations are intro- 
duced whenever called for. Mineralogists will be gratified to see 
this great work gradually drawing on toward completion. 

6. Manual of Determinative Mineralogy with an Introduction 
on Blowpipe Analysis ; by Grorce J. Brusu. Revised and 
enlarged, with entirely new tables for the identification of min- 
erals, by Samuet L. Penrierp. Fifteenth edition, pp. x, 312. 
New York, 1898 (John Wiley & Sons).—The thorough revision 
which Prof. Penfield has now given to Brush’s Determinative 
Mineralogy completes the work begun by him two years since. 
In the edition of 1896 (this Journal, ii, 459, 1896) the opening 
chapters descriptive of the blowpipe and chemical methods and 
reactions applicable to minerals, were carefully rewritten and made 
to embody the practical results of the author’s long experience in 
teaching. At the present time this introductory portion of the 
work has been further improved by the addition of a chapter 
upon crystallography and the physical characters of minerals, in 
which these subjects are concisely but clearly presented. More 
important than this, the determinative tables have now been 
rewritten, rearranged and enlarged so as to include all recently 
described species of definite character. The changes which have 
been made here are fundamental and highly important for the 
student, since in their present form the tables show with admir- 
able distinctness the fundamental differences in chemical compo- 
sition which form the basis of the grouping of the species. Hence 
the student who uses the tables intelligently is sure to learn a vast 
deal in regard to minerals, especially on the chemical side. Their 
value is much increased by the fact that in the case of most 
species the autbor has personally verified the reactions described. 

For nearly twenty years this admirable work has held a place 
of its own and has played a highly important part in scientific 
education. In its new form, with the changes and additions 
which bring it into harmony with the science of the present time, 
it cannot fail to be still more appreciated and to find even a wider 
sphere of influence. 

7. The Law of Mines and Mining in the United States ; by 
Danie Moreau Barringer and Jonn Stokes Apams. Pp. 
exxv and 878. Boston, 1897 (Little, Brown & Company).—All 
those interested in the legal questions which are likely to arise in 
regard to mining properties will appreciate the value of the 
admirable and exhaustive treatment of the subject in the present 
volume. It opens with a table of cases referred to through the 
text; then follows an excellent geological preface designed to 
make the non-scientific reader acquainted with the different types 
of deposits and the conditions under which they occur. This is 
abundantly illustrated by figures drawn from well-known authors. 
The work proper is divided into twenty-five chapters, classified 
according to the special subjects discussed.- An appendix gives 
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the United States statutes and land office regulations, dealing 
with the mineral lands, timber rights, privileges of miners, ete. 

8. Canadian minerals.—In Part R of vol. ix of the Annual 
Report of the Geological Survey of Canada, Dr. G, Curistian 
HorrMaNn continues his investigations of Canadian minerals. 
Among the new occurrences noted, the following may be men- 
tioned: Baddeckite, a ferruginous muscovite from Baddeck, Nova 
Scotia (this Journal, vi, p. 274); chalcanthite, and argentiferous 
tennantite, from the Avoca claim, Lillooet district, British Colum- 
bia; xenotime from Calvin township, Ontario, in a crystalline 
mass weighing 312 grams; gahnite from Raglan township, Ren- 
frew Co., Ontario; gersdorffite in octahedral crystals from Koote- 
nay Mountain, near Rossland, British Columbia. 


OBITUARY. 


JAMES HALL. 


Even the chief traits and accomplishments of this remark- 
able man would demand a longer space than is available for 
this notice, and therefore only a few salient characteristics and 
events will here be mentioned. His strength and even his weak- 
nesses, his successes and his failures were of an extent seldom 
combined in a single individual existence. In years of activity 
also, he covered a period almost unparalleled for its length. 
Extreme longevity combined with persistent continuity of pur- 
pose, and the vast resources of the state of New York, must be 
accounted as a leading factor in any consideration of the scientific 
monument which this man erected for himself, and for which, 
in addition to personal work, contributions were levied from 
among several generations of assistant co-workers. The magni- 
tude of the private and public collections accumulated at Albany, 
the large sums spent for their investigation, and the elaborate 
publication of results, together with the amount and variety of 
the investigations carried on, attracted the rising and ambitious 
paleontologists of the United States to Albany for many years. 
This enabled the State Geologist to equip himself with some of 
the best talent in the country, and in a considerable degree deter- 
mined the quantity and character of the output of his department. 
The names of Gabb, Hayden, Meek, Whitfield, Walcott, Beecher, 
Clarke, Schuchert, and others will serve to illustrate this point. 

As a lobbyist among over sixty annual legislatures he held a 
unique position in the State. In his successful adjustments to the 
kaleidoscopic and bewildering political complexion of this long 
period is shown his wealth of resource and adaptability. In his 
managerial skill and tireless energy he was alone and without a 
peer. 
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In the present connection, his accomplishments in the domain of. 
science are of chief interest, but in any estimate of this his rela- 
tions to the state and its scientific staff must not be lost sight of. 
With the possible exception of Barrande in Bohemia, no one has 
made known tothe world so many extinct forms of animal life 
from the Paleozoic System. This work fornts the bulk of the 
famous series of quartos known as the “ Natural History of New 
York,” and is generally referred to as the “ Paleontology of 
New York.” Besides this voluminous work Hall published a 
great many memoirs and smaller papers in the annual reports of 
the State Museum, the reports of the State Geologist, in the pro- 
ceedings of learned societies, and in various scientific journals. 
Altogether, in the description of new genera and species of 
Paleozoic invertebrates his work forms the main structure around 
which similar work of other states cluster, and upon which other 
investigators have built. His energies were not wholly confined 
to the limits of New York, for in 1855 he was made the State 
Geologist of Iowa ; and in 1857, he held a similar position in 
Wisconsin. Many of his papers were based upon material from 
other parts of the continent, especially Ohio, Indiana, Illinois, 
Kentucky, Tennessee, Minnesota, Pennsylvania, Michigan, and 
Canada. 

As a field geologist his best work was derived from a study 
of the Paleozoic sediments later than the Cambrian. His correla- 
tions of the New York formations with those of the Mississippi 
Valley and with Europe were of prime importance and helped to 
make geology more than a provincial science. 

In the year following Dana’s address on the origin of conti- 
nents, delivered in 1856 at the meeting of the American Associa- 
tion for the Advancement of Science, Hall proposed, on a similar 
occasion, his theory of mountain-building by previous regional 
subsidence, and maximum accumulation of sediments. Both of 
these theories have since become generally recognized. 


James Hall was born at Hingham, Mass., Sept. 12th, 1811. He 
was graduated from the Rensselaer Polytechnic Institute at Troy, 
New York, in 1832, and continued his services there for some 
years as professor, first of Chemistry and Natural Science, and 
later of Geology. In 1842 he received the degree of M.A. from 
Union College, and that of LL.D. from Hamilton in 1863, and 
McGill in 1884. He joined the organization of the Geological 
Survey of the State of New York in 1836, and remained in con- 
tinuous service up to the time of his death, which occurred August 
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SYSTEMATIC COLLECTIONS 
For teaching MINERALOGY, GEOLOGY and ZOOLOGY a specialty. 


Single specimens also 


furnished, 


RELIEF MAPS AND MODELS, 


The one establishment in America where correct and artistic work in this line is done. 
Send tor list of 40 Reliet Maps for Schools and Colleges. New Model of Southern New 


England now ready. 
LANTERN SLIDES, CHARTS, ETC. 
METEORITES. 


Have the best machinery for cutting and polishing. Have 
from 40 cents to #200 per Ib. Among 


A good price paid for all kinds. 
Polished and etched sections 4 


now on hand for sale about FOUR TONS OF METEORITES 
them are Cafion Diablo complete, 40 cents to $1.00 per pound. 


to 5 cents per gram, 

Per Gram. Per Gram, 
Toluca, . 8 to 5 cents. Fayette Co. (4), 8to Scents 
El Capitan (1), ° Wtos Cross Roads (5), $3.00 
Rockwood (2), « Bes * Beaver Os . Wto 4 
Dona Inez (3), - Wot Kessen, . ° 


Llano del Inca (3), 
(1) Described in this Journal Sept., 1895. (2) Ibid Nev. . 1887. (3) Proc. Roch. Acad. Sci. 
Vol.1. (4) This Journal Aug., 1888. (5) Ibid July, 1893. (6) Ibid June, 1894. 


EDWIN E. HOWELL, 612 17th St., N. W., Washington, D. C. 


NOW READY 


TEXT BOOK OF MINERALOGY. 


WITH AN EXTENDED TREATISE ON 


CRYSTALLOGRAPHY AND PHYSICAL MINERALOGY. 


By EDWARD S. DANA. 


New Edition, 593 pp. 


ENTIRELY REWRITTEN AND MUCH ENLARGED. 


JOHN WILEY & SONS, 
New York City 
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COLLECTIONS OF THIN-SECTIONS FOR PRACTICAL 
MICROSCOPIC-PETROGRAPHICAL STUDY. 


I. New collections of well-mounted thin-sections of rock-forming minerals, con- 
taining the most important rock-forming minerals, arranged according to 

H. Rosenbusch: Microskopische Physiographie der Mineralien. 

3rd Edition, Stuttgart, 1897. 

120 thin-sections of 67 different minerals in elegant case, -.-.-.-....--- $ 
II. Collections of thin-sections of rocks containing all important types of rocks 

as mentioned by 
H. Rosenbusch: Microsk. Physiographie der Gesteine. 
3rd Edition, Stuttgart, 1896. 

To each one of them will be added a brief printed description of all the speci- 
mens and sections (by Prof. Dr. K. Busz, Miinster, Germ.) in order that the student 
himself may be able to recognize and determine the constituents of the rocks. 
Three such collections will be provided. 


1. Collection of 120 thin-sections in elegant case,........-------------- $38.00 
Together with the 120 specimens—size 84 x llem, 63.00 
2. Collection of 180 thin-sections in elegant case,......-.-.------------ 56.00 
Together with the 180 specimens—size 84 x llem,....-.---------- 98.00 
3. Collection of 250 thin-sections in elegant case,......-.-------------- 81.00 
Together with the 250 specimens—size 84x llem,...._.-.-------- 144.00 


III. Collection of rock-forming minerals arranged according to 
F. Zirkel: Lehrbuch der Petrographie. 
2nd Edition, Leipzig, 1893-94. 
In connection with these we provide the colleetions of thin-sections of rock- 
forming minerals to demonstrate the mode of occurrence of the minerals of the 
above named collection in the rocks, 


115 Thin-sections of minerals in elegant case,_......-..----------.---- 32.50 


THE NEW CATALOGUE OF MINERALS, 


containing also list of mineral collections. collections of thin-sections of minerals, 
ete., and of meteorites, has just been published and will be sent post free on 


application. 
ROCKS OF THE ODENWALD. 

Complete collection of the most interesting rocks of the Oden- 
wald Mts. in Germany, including all dike rocks ( Orbite, Luciite, Malchite, Beer- 
bachite, etc.) mentioned in the new Microscopie Physiography of Rocks by H. Rosen- 
busch. arranged by Professor D, C, Chelius, of Darmstadt. 


Collection of 100 thin-sections in elegant case,.....-------.+-------------- $30.00 
Together with the 100 specimens—size, 8x llem,........-----....---- 50.00 


N. B.—All thin sections will be microscopically examined before being de- 
livered. We can therefore guarantee their perfect reliability and that they ex- 
hibit all the characters and phenomena mentioned in the above named descriptions. 

NOVELTIES. Klinozoisite, Fuggerite, Nat. Humus @cid; from Greenland: 
Parisite, Catapleiite isolated crystals, Neptunite, Epididymite, Elpidite, Steens- 
trupine, Rinkite, @!nigmatite, Natron-Berzeliite, Pyroaurite; from Sweden 
Edingtonite-crystals; from France: Gonnardite, Chaleomorphite. Minerals and 
Fossils for single specimens or in collections, bought or exchanged. 

New editions of the following lists have come out and will be sent on demand: 

Supplements 1 and 2 to Catalogue IV ; New Rocks. 

Catalogue V*: Professor Groth’s collection of 396 crystal-models in wood. 

Catalogue VIII*: Prof. Hintze’s student collection of 150 crystal-models in wood. 

Catalogue XI: Prof. Vrba’s Collection of 280 crystal-models in paste-board. 

Catalogue XII: Professor Baumhauer's , collection of 102 crystal-models in 
plate-glass. 

List of new acquisitions of excellent fossils. 


DR. KRRANTZ, 


RHENISH MINERAL OFFICE, 
BONN ON THE RHINE, GERMANY. 


ESTABLISHED 1833. 


Represented in the United States by Messrs. Eimer & Amend. 
205-211 Third Avenue, New York, who import above at 10 per 
cent. commission. 


SAGENITIC QUARTZ. 


We have recently received a fine and ex- 
tensive series of quartz containing Rutile, 
occurring both as clear polished pebbles with 
well separated fine acicular crystals (one or 
two with crystals of considerable thickness), 
and as thin polished slices so completely 
reticulated with fine golden-brown hairs as 
to be no longer transparent. Specimens 
range in price from 50 cents for a small piece 
up to $25 for a magnificent large slice. 

Also, from Japan, several fine specimens containing Chlorite, and 
others “.ctinolite, both as natural crystals and with the crystal faces pol” 
ished. Prices are from $1 to $12. 


FLUID INCLUSIONS. 
We have received direct from Guanajuato, Mexico, several good-sized 
quartz crystals containing fluid with movable bubbles which we have priced 
at from $1 to $3. Every collector should have one of these interesting 


specimens, 
ENHYDROS. 

These curious Chalcedony nodules-containing liquid were obtained by us 
in Uruguay, and they excite the admiration of all beholders. We have them 
ranging in price from $3 for a tidy small specimen, up to $50 for a magnifi- 
cent large one containing probably half an ounce of fluid and showing a 
bubble nearly as large around as a silver half-dollar. 


ITACOLUMITE. 

This flexible sandstone from Agra, India, will bend or stretch in the most 
unmistakable manner; a piece a foot and a half long exhibiting a deflection 
of fully two inches to either side of its axis. Prices 50 cents to $5; very 
satisfactory pieces for $1. 

We have a great many varieties of quartz in large and small groups, or 
in single crystals from almost microscopical size to over a foot in transverse 


diameter. 
SYSTEMATIC COLLECTIONS. 
For the past thirty-six years, the making of systematic collections for 
Educational Institutions has been, as it still remains, our specialty. 
We have made many such collections costing several thousand dollars 
each and have others at only a few dollars. 


CATALOGUES. 
College Collection of Minerals, 44 pages 10 
Normal School Collection of Minerals, 30 pages...............00.ccceesceeenees .10 
24 Bo pawqes 25 
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HUNGARIAN MINERALS, 


Ankerite (Brown-spar). Fine brown crystals, coating quartz groups ; 
lenticular, very distorted rhombohedrons, showy and in‘eresting, 30c. to $3.00 

Barite. Have the largest stock at hand which ever reached Americ: at 
one time; over 1,000 lbs. of fine crystal groups. Reasonable prices. 

Orpiment. Fine yellow, botryoidal masses, often associated with Barite 


and native Arsenic.  20c. to $2 50 
Realgar, coating limestone in fine _ crystalline masse3, often distinct 
crystals, 10¢.-$1.25 


Stibnite from Felsébanya, in very handsome and 
showy groups, ‘ ‘ 35c. to $8.50 


Alaska Garnets, loose and in matrix, over 1,000 at hand. 

Scheelite and Wolframite, Zinnwald, Saxony. 

Niccolite, Riechelsdorf, 20c.-$3.00: $1.20 for a good-shaped cabinet speci- 
men. Finest quality, 80-85% for chemical laboratories in quantity at 
lowest price. 

Topaz, Utah, loose crystal and matrix specimens, . 5ce.-50e 


Aurichalcite, Azurite, Clinoclasite, Erinite, Martite, Mixite, Red, 
White and Green Olivenite, Tyrolite, from Utah. 

Fine Quartz Crystals from Herkimer Co., New York, Arkansas and St. 
Gotthard, Switzerland, 

MELANOTEKITE and ENDLICHITE from New Mexico. 

Selenite crystals. Mahoning Co., Ohio, 2 for 5c., 1 for 5c, 1 for 10e., 
according to quality. 

Actinolite, Fuchsite, Garnets, Zillerthal, Tyrol. 

Octahedrite, Binnenthal, Switzerland. 

Golden Calcite, Octahedral Galena, Dolomite with Chalcopyrite 
from Joplin, Mo. 

Finest Geodes in the World from Keokuk, Towa. Size from a few 
inches to 14 feet. Inside coated with fine quartz crystals and other minerals, 
especially Calcite, Dolomite, Siderite and (very rare) Millerite. 

Specimens for educational and experimental work at lowest rates. 

Write for Fall Bulletin, 1898. 


DR. OTTO KUNTZE, 


Towa Mineral Office, 
IOWA CITY, IOWA. 
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